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ABSTRACT 
Magenta toners were applied to paperboards, in accordance with the 
Cromalin\!:l,I process, and the resultant tonings were measured in two different 
ways: namely, by spectrophotometery and by colorimetery. Three different 
\ 
methods were used for color matching. The first method was a tristimulus 
match method. Programs TONCALB and MAGMAT were used in this method. 
The second method was a full spectrum match that used the entire spectral 
reflectance curve of the tonings. Programs TONSPEC and MAGSPEC were 
used in this method to first calibrate the working toners and then search for a 
match. The third method was based on standard charts that were used at 
Parlin to match the printed ink samples. Program RUSPLOT in this method 
was used to create a new twisted standard chart for the working toners based 
on the existing standard chart. Program CMATCH then calculated the amount 
of each toner needed for a match. The results of these methods are given in 
tables and discussed. The chart method was found to be the most accurate 
and gave the closest match for all cases. 
\...-
INTRODUCTION 
For a long time color matching was done visually by iteration methods. 
To match a particular sample, the colorist had to make a color by mixing 
some colorants (dyes or pigments) and look at the sample and mixture side-
by-side to decide which colorant should be changed and how much to get the 
desired color. This was done several times until a reasonable visual match 
was achieved, which took a lot of time and effort. 
In the past twenty years a lot of work has been done and several papers 
have been written on colorant formulation and computerized color matching. 
This work has made matching a printed sample very much faster and more 
accurate (1, 2, 3, 4). Allen (3) describes colorant formulation as an effort to 
find a pigment formula which (i) matches the desired color, (ii) is non-
metameric against the desired color, and (iii) is low in cost. 
In our work we tried to provide a method for formulating toners to 
® 
match any desired color. The toners were made in the du Pont Cromalin 
process. The way it was done in du Pont was to measure the color of the 
sample to be matched and to use standard charts to find the amount of each 
toner to be used. There were two difficulties involved in that way of color 
matching. First, each batch of toner had a different particle size distribu-
tion which would cause different degrees of pickup compared to other toners 
in the mixture. Therefore a single standard chart could not be used for 
different toners and thus, for each batch of toner, a new standard chart had 
I: 
to be set. The second difficulty was working with the charts, which was a 
rather inaccurate job and somehow difficult for an inexperienced operator. 
We tried two different ways to match color using toners. The first way was 
to use computer programs based on color matching equations. Two 
approaches were used for this: tristimulus match and entire spectral re-
flectance match. The second way was to develop computer programs based 
on the standard charts for toners; to create a standard chart for each working 
toner and calculate a match formula numerically. 
,; 
·' 
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GENERAL BACKGROUND 
To describe the color of an object quantitatively, one needs to specify 
the following important quantities (5): 
1. The spectral energy distribution of the light source under which the 
object is being observed. 
2. The color vision characteristics of the observer. 
3. The reflectance curve of the object, found by spectrophotometry. 
The color of any object can be specified by three numbers, called tristimulus 
values, and represented by X, Y, and Z. Tristimulus values are three 
imaginary numbers and are found from the following expressions. 
X = t R(A)E(A)X(A) 
Y =tR(A)E(A)y(A) 
Z =tR(A)E(A)z(A) 
R (A) is the spectral reflectance curve of the object, a function of 
wavelength which is found for the visible range of wavelength, namely, 
380-750 nm (nanometer). Reflectance can be measured by a spectrophoto-
meter having a certain geometry and under a particular illumination. E(A) is 
the spectral energy distribution of the light source under which the color is 
being observed, also a function of wavelength. x(A), y(A), and z(A) are the 
characteristics of the observer and for some standard observers are 
specified and tabulated; these quantities are in fact the tristimulus values for 
unit light energy at each particular wavelength striking on a surface with 
4 
I• 
100 per cent reflectance. 
CIELAB Color Coordinates 
There are several systems of color coordinates invented; one of 
them, a uniform color space used in most color matching work, is CIE 1976 
L*a*b* (CIELAB). CIE stands for Commission Internationale De L' 
Eclairage. L*, a*, and b* are the three dimensions of CIELAB color space 
and are defined by the following equations. 
L* = 116 (Y/Y
0
) l/3 - 16 
a• = 500 ~x/xo)113 - (Y/Yo)1/~ 
b* = 200 ~Y!Yo)1/3 - (z/zo) 1/3] 
where X , Y , and Z are the tristimulus values of standard white. L* is 
0 0 0 
a quantity repi:esenting lightness of color and varies from O for black to 100 
for white. +a* represents redness, and -a* represents greenness. -tb* re-
presents yellowness and -b*, blueness. In order to be matched, the CIE 
coordinates or in fact the tristimulus values of two colors should be the 
same. The color difference between two specimens 1 and 2 is shown by the 
express ion: 
aE = V(L; -L;)2 + ( a; -a;)2 + (b; -b;)2 
In colo;i: matching a AE of about 1. 5 is commercially acceptable. 
There is an important problem involved in color matching called 
metamerism; that is two colors match under one special light source and 
5 
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mismatch under another one. It really means, the two colors have two 
different spectral distribution curves, and will just give the same tri-
stimulus values under a special light source. 
The best match will happen when the spectral distribution curves are 
the same, which means that under any light source and for any observer the 
colors will match. 
Color matching is· usually done by working with tristimulus values, 
which is an easier and less expensive job than working with the entire curve 
but contains higher chance of metamerism. Having a chart of metamerism 
index versus cost, one can figure out the cost of color matching for a 
reasonable metamerism. 
Optical Behaviour of Colorant Layer 
When light strikes the surface of a colored medium, we have three 
different possibilities: 
a) If the colorant layer is completely clear with no light scattering, the 
radiated light goes all the way through the film without being scattered 
but partially absorbed, strikes the background and reflects diffusely. 
In the upward path more of the light is absorbed and finally emerges 
from the top of the layer which is considered as the reflected light . 
Figure la shows the path of light through a clear layer. The 
mathematical model used to explain the optical behaviour of the colorant 
film for this case is called Beer-Lambert's Law, and is explained 
later. 
6 
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a b C 
Figure 1. Different optics of a colorant layer. 
\ 
! 
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b) For this case, shown in Figure lb, the film is not completely clear 
and a small amount of light is scattered because of scattering particles 
in the upward and downward paths. Scattering happens in all directions 
and some of this scattered light emerges from the top of the film and is 
added to the diffusely reflected light. The Kubelka-Munk Theory, des-
cribed later, can be applied to mathematically model this case. 
c) Finally, in this case, Figure le, the scattering of light is so high that 
all the light is scattered and is not able to pass through the film. Some 
of the scattered light is directed back out ·of the top of the film and is 
considered as reflected light. The mathematical model for this case 
can also be derived from Kubelka-Munk Theory. 
Beer-Lambert Law 
When a beam of light transfers through a clear, non-scattering 
medium, Figure 2, its intensity changes with distance. The rate of change 
of intensity is proportional to intensity. 
dI 
-= -kl dx 
where, I is the intensity of light, xis thickness, and k is a constant. 
Using the boundary condition: 
at X = 0, I = I (intensity of light at the entrance), 
0 
The conventional form of Beer's Law will be as follows: 
log (r) = -KX 10 
where, 
X 
Inc1dtmt Beam 
il 
x=X 
Figure 2. The scheme of light passing through 
a clear film. 
9 
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T = f is the fraction of light transmitted, K is the absorption coefficient 
0 
and X is the thickness of the film. 
For a mixture of dyes or pigments, the absorption coefficient, K, is 
related to concentration of dyes or pigments in the film by the expression: 
K =t Ck i i 
where 
C. is the concentration and k. is the specific absorption coefficient of dye 
l l 
or pigment i. 
From the last two equations, the following expression can be derived: 
T = exp (-c1k1 -c 2k2 - •.. -) 
and X, Y, Z can be related to the concentration of pigments that have been 
used for color matching, 
X = t. E (11.)x (A) exp (-c1k1 -C2k2 -... ) 
y = t E(A)y(A) exp (-clkl -C2k2 -... ~ 
z = t E(A)z(A) exp (-c1k -c k . 1 2 2 -... ) 
The Kubeika-Munk Theor;t (7) 
Use is made of Kubeika-Munk Theory to explain and model a variety 
optical behaviour of colorant films. The theory is also the basis of color 
matching and colorant formulation. To model the film, Figure lb, the 
general case of colorant films, is considered. The irradiated light is 
partially absorbed, scattered and finally reflected back. 
1: 
'' i ! 
Figure 3 shows an enlarged film of thickness X. To derive the ex-
pression for reflectance, an element of thickness dX is being considered. 
There are two channels of light, an upward channel containing light of 
intensity i, and a downward channel containing light of intensity . The 
light scattered sideways has been considered to be in those two channels. 
The light going downward is weakened in dX because of absorption and 
scattering backward to the upward light and gains some light from back 
scattering of upward light. This can be written as 
-di= -(S + K) idx + Sjdx 
where, Sand Kare respectively the scattering and,~bsorption coefficients. 
The same phenomenon happens for the upward light but in the reverse 
direction. Therefore, 
dJ = -(S + K) j clx + Sidx 
The ratio j /i is actually reflectance and is shown by p. The following 
boundary conditions are applied to those two simultaneous differential 
equations: 
at x=o p=R 
at x=X p= Rg 
where, R, and Rg are respectively the reflectance of the film of thickness 
X and of the substrate. 
The solution to the differential equations turns out to be the following: 
R = 1-Rg (a-b coth bSX) 
a-Rg + b coth bSX 
Incident Beam 
R 
tx=O 
X 
7/T/T//T// 
Rg 
Figure 3. An enlarged translucent film of 
thickness X, used to derive the 
Kubelka-Munk equations. 
where, 
a= 1 + K/S 
b = v a2 - 1 
Two extremes of this case can be achieved by changing the scattering 
coefficient or thickness of the film. In one extreme, complete opaque film 
(Figure le), the thickness can be considered infinite and the expression for 
R, changed to RCX), will be simplified to: 
Rm = 1 + K/S - ~K/8) 2 + 2 (K/s)] l/2 
This expression can be written in another useful form, 
K 
s = 
The other extreme is a completely clear film, for which the 
scattering coefficient, S, is zero. The Kubelka-Munk Theory for this case 
will be simplified to: 
R = Rg e-2KX 
This expression confirms the Beer-Lambert law for a clear film. 
Sa under son Correction 
The Kubelka-Munk Theory does not consider the difference of re-
fractive indices between the film and viewing medium, that is, it calculates 
the reflectance ofthe film in a transparent medium having the same index 
of refraction as the film. Whereas the reflectance that is measured by 
spectrophotometer is different from that theoretical reflectance because of 
13 
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the viewing medium, usually air, which has a different refractive index 
from the film. Saunderson has derived an expression that relates the re-
flectance measured by spectrophotometer to the reflectance found by 
Kubelka-Munk Theory. The expression is: 
R = K1 meas 
and the inverse of this expression is: 
where, 
R 
theor = 
R -K 
meas 1 
1-K1 - K + K2 R 2 meas 
K1 is the fraction of the incident light immediately reflected from the 
surface of the film and can be calculated from Fresnel's Law. For normal 
incidence and a refractive index of 1 for air, the Fresnel expression is: 
where, n is the refractive index of the film. For most cases K1 is around 
o. 04. 
Constant K2 is the fraction of the light incident diffusely upon the 
surface of the film from the inside which is reflected, so that the fraction 
(1-K2) emerges from the sample into the integrating sphere. In most cases 
K2 is taken equal to O. 4 to o._6. It should be noticed that the Beer-
Lambert's Law, Kubelka-Munk Theory and Saunderson Correction are all 
applied to one single wavelength. However, for color matching calculations 
14 
they should be applied over the whole spectrum, wavelength by wavelength, 
which is usually done by computer. 
Colorant Formulation and Color Matching 
There are two ways to match colors by calculation. One is the tri-
stimulus match for which three non-linear simultaneous equations should be 
solved and the possibility of a metameric match exists; the other is to 
match the entire spectral distribution curve of the sample, which will pro-
vide a good match under any light source. In both cases the Kubelka-Munk 
Theory corrected for Saunderson K1 and K2 factors is usually used to con-
vert the reflectance data to K/S values and vice-versa. However, for 
certain applications, the Beer-Lambert approach can be used for reflecting 
samples. The K/S values of a mixture of pigments is related to the unit 
k/s values of individual pigments and of substrate by the expression: 
(K/S)mix = 
Kaub+ Clkl + C2k2 + ''" 
S +Cs +Cs+ .... 
sub 1 1 2 2 
This is known as two-constant Kubeika-Munk theory. If the scattering co-
efficient of the pigment is almost constant then the expression can be written 
in a simpler form, so-called, one-constant Kubeika-Munk Theory: 
In the Beer-Lambert approach, Amix = Asub + c1a1 + C2a2 + , , ·, 
To solve three non-linear equations for a tristimulus match a mathematical 
approach has been developed ( 7 ) and computer programs written to solve 
I. 
for the entire spectrum (1, 2). The three basic non-linear equations are 
written as: 
where X, Y, and Z are tristimulus values of the sample to be matched under 
a particular light source. c1, c2 and c3 are 
the concentrations of the three 
pigments required for a match. 
The following matrices have been defined. 
~400 
- -
x420 · • · x700 
X 
y 420 "' y600 
t = y T = i
 Y400 
-
z z400 z420 · · · z700 
E400 0 • . . • 0 
0 E420 • 0 
E= 
. . . . . . . . 
0 0. . . E700 
where E represents the relative spectral energy distribution of light source. 
16 
;, 
:) 
(s) 
r = 
i 
R(s) 
400 
R(s) 
420 
/ R(s) 
I 700 L 
r (m) = 
I R(m)l 
I 400 
I 
R(m) 
420 
I 
R (s) and R (m) a're the spectral reflectance of sample and match, 
respectively. 
For a perfect match, 
t = TE r(s) = TE r(m) 
In another way 
TE ~(s) - r(m~ = o 
The reflectance or transmittance of the match at any one wavelength 
is not too different from the corresponding value for the sample, except in 
cases of extreme metamerism. Therefore we may write, 
R (s) - R (m) = ~R = [ dR/df(R)]. ~f (R). 
i i i 1 1 
where f (R) represents any function of R, for the present purpose taken as 
log10 (1/R) for transmitting samples and (l-R)
2/2R for reflecting samples. 
I 
Let 
and 
D= 
r (s) i 
f(R) 400: 
I 
(s) I 
i f(R) 420 ! 
! I 
= I ' . 
I I l f~)(•) I 700J 
d400 0 . . .. 0 
0 d420 .. 0 
. . . . . . . . . . . . 
0 0 
! -
i f(R) (m) 
I 400 
I f(R/m) 470 
l 
i 
I 
I 
f (R) (m~ I 
70Q_J 
where di = [ dR/df(R))] .• Then the approximation for R.(s) - R.(m) can be 
l 1 1 
written for all wavelengths as 
substituting this in the tristimulus match expression, we obtain 
TEDf(s) = TEDlm) 
Let , and 
cl $400,1 ~400, 2 ~400, 3 
C= c2 $ = <P 420, 1 ~420, 2 ~ 420, 3 
c3 
. . . . . . . . . . . . . . . 
$700, 1 ~700, 2 ~700, 3 
·J 
Ii 
ll j 
:-i 
where, for example, ~ 400, 1 represents the value of f (R) 400 if colorant No. 
I.. 
1 alone were used at unit concentration. Then we can write 
f(m) = f (t) + ~c, 
where f(t) is a vector analogous to r<m) but referring to the substrate alone 
substituting the latter equation in match equation we will have 
TE~C = TED ~(s) - /f)] . 
or 
This represents three linear simultaneous equations in three unknowns c1
, 
Iteration to a Close Match 
Let , and 
AX Ac1 
At= AY Ac= Ac2 AZ 
Ac3 
where AX, A Y, and AZ represent the differences in tristimulus values 
between standard and rough match and A c 1, A c 2
, and Ac
3 
refer to changes 
in composition of the rough match needed to reduce AX, A Y, and AZ to 
zero., the following relations exist: 
t..x =G~) t..c1 + (ax1oc2) t..c2 + (ox/oc3) t..c3 
t..y = (!~J t..c1 + ~y/oc2) t..c2 + 0y/oc3) t..c3 
AZ= (oz\ t..c1 + (oz1oc~ .o.c2 + (oz/oc3) t..c3 oc ) • 
1 
These can be written in the matrix form 
At= B ~C, 
where B is the matrix made of the differential terms 
if 
ox/ oR (m) ox/ oR(m) ox/ oR(m) 
400 420 700 
oY/ o a'm) oY/ oR(m) 
. . . 
oY/ oR(m) 
P= ,400 420 700 
oz/ oR(m) oz/ oR(m) oz/ oR(m) 
400 420 700 
and 
oR(m)/oC o R(m) /oc oR(m)/oc l 
400 1 400 2 400 3 , 
oR(m) /a c o R(m) /oc oR(m) /a c 
420 1 420 2 420 3 I Q= 
. . . . . . . . . . . . . . . . . . . . . . . . 
oR(m) /o c a R(m) /oc oa(m)/oc J 
700 1 700 2 700 3 
then B = PQ 
we know that 
- (m) 
X = x400 E 400 R400 
- (m) 
+ • • • + x700 E700 R700 
:• 
t:: 
: ~ 
,., 
'.~ 
!1 
I'. 
i 
I. 
)· 
Therefore 
o X/o R(m) - x- E etc. So we can wr1'te P = TE 400 - 400 · 400' 
After some substitutions we can finally get AC = (TED~)-l At. 1 his shows 
that the inverted matrix used for iterative improvement of the concentrations 
of the colorants is the same as that used to calculate the rough match. A 
mathematical model bas also been developed for two-constant Kubelka-Munk 
Theory (2). 
\BJ 
CROMALIN COLOR PRE-PRESS PROOFING SYSTEM 
181 
Cromalin positive proofing system is a fast method of producing full 
color pre-press proofs from half tone positives. 
(8) 
The system consists of CROMALIN film, toners, proofing stock and 
equipment for laminating, toning, and exposing. 
(8) 
CROMALIN FILM 
(8) 
Cromalin film consists of a layer of tacky, ultraviolet-sensitive 
photopolymer sandwiched between a protective polypropylene sheet and 
MYLAR polyester film base when being exposed, the photopolymer layer 
hardens and does not accept toner. 
TONERS 
Toners are dry colorants (pigments) which are specifically designed 
to adhere to unhardened sticky photopolymer. They are available in yellow, 
black, cyan, and magenta colors. There are also fluorescent, metallic, 
delustering and high strength types. Toners may be blended to simulate ink 
hue and density requirements. 
The experiment was done on different magenta toners, MM3S, MM50, 
and MM80; these are different from each other in their blueness and particle 
size. 
PROOF STOCK 
\!:i) 
Cromalin proof stock is an unsensitized paper board called 12 point 
KROMEKOI'E. 
., 
., 
(81 
CROMALIN LAMINATOR-MODEL 2700-MKll 
181 
The CROMALIN 2700-MKll Laminator laminates CROMALIN film 
to the proofing stock. As the film unwinds from a feed roll, the poly-
® 
propylene layer is stripped from the CROMALIN film and wound onto a take-
up roll. The remaining film consisting of the photopolymer layer on the 
MYLAR base, travels through two rolls where it is laminated to the proof 
stock with heat and pressure. The equipment has a light shield that prevents 
the exposure of CRO:MALIN film to ultraviolet light. 
TONING CONSOLE-MODEL 3042 
The toning console is a work surface designed to facilitate fast and 
clean toner application. A blower and filter are located below an inclined 
toning surface. Excess toner is rapidly removed from the toning surface by 
pushing it into the vacuum slot which borders the table. 
LIGHT SOURCE EQUIPMENT 
This is a homemade piece of equipment. The sample to be exposed 
is laid on a moving belt. The speed of the moving belt can be set such that 
the desired exposure time is met. 
' 
'< 
EXPERIMENT AL WORK 
All the experiments were done with three different magenta toners 
(MM35, MM50, MM80) and transparent white (l'W6). Six steps were in-
volved in each experiment that are explained below: 
1. Mixing toners 
A total weight of about 22 grams of working toners was recommended 
for each toning. Proper amount of different toners were weighed by a sensi-
tive scale and mixed together to give the required weight percentages. The 
mixing was done by an Osterizer blender used twice, each time for 30 
seconds. 
2. Laminating 
After the laminator was turned on, it took about 25 minutes for the hot 
roll to reach laminating temperature. This temperature was in the range of 
230-235°F, that could be read by a temperature gauge on the surface of the 
hot-roll. The paper board to be laminated was laid on the feed platform and 
inserted firmly into the nip of the roll. The leading edge of the film was 
lifted away from the lower roll and the drive switch was turned on. Film was 
held taut as it traveled through the rolls when the trailing edge of the paper 
cleared the roller by 1-2 inches, the drive motor was stopped and the film 
was trimmed off close to the proof sheet. 
The laminated sheet was then placed on a flat platform, secured with 
tapes. The MYLAR layer was peeled off starting removal from the trailing 
edge as laminated and the sheet was relaminated. Two layers of CROMALIN 
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introduced a "buffer layer" that could check the monomer diffusion· into the 
paper. 
Toning 
The relaminated paperboard was placed on the toning console and 
secured with tapes. The MYLAR layer was peeled off in the same way that 
was done in re-lamination. Toner was applied on the paperboard using a 
fully loaded applicator. To be fully loaded, the applicator was dipped into 
the toner tray and rocked back and forth in toner. The applicator was moved 
briskly and without pressure using the toning pattern shown in Figure 4. This 
was continued for 20 cycles. To avoid toner streaks caused by a bristly or 
matted pad, the toner was first applied by "patting", as with a powder puff, 
over the entire proof area and then was continued as above. The excess toner 
't9 
was carefully wiped off with a piece of LAS-STOCK cloth, and pushed into 
the vacuum slot along the edge of the console. The back and edges of the 
sheet were wiped off as needed. 
4. Laminating and Exposing 
The toned paperboard was laminated once more and then exposed to 
ultraviolet light to be hardened. Twelve cycles of exposure were done for 
each sample. 
5. Densitometery 
Using a dens}tometer, the reflectance density of four corners and the 
center of the toning were measured. The average of these five numbers was 
found. Search was done for two areas of the toning having the same 
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first 
cycle 
densities as that average. The areas were marked down and cut in 3 x 4 inch 
samples for subsequent color measurements. 
6. Color Measurement 
Color was measured in two different ways, spectrophotometery and 
colorimetery. 
6.1 Spectrophotometery 
For our purpose the abridged double beam spectrophotometer called 
KCS-40 was used ( 10 ). This was an advanced spectrophotometer connected 
to a mini computer model PDP-8/L and a teletype model ASR-33. Light 
strikes the sample and standard through the integrating sphere, diffuses inside 
the sphere and finally two reflected beams are sent to the photomultiplier tube 
through different filters. The dual beam is electrically amplified and signals 
proportional to the reflectances of sample and standard are processed in 
analog circuits and their ratio compared in an A-D (analog to digital) 
converter. This reflectance ratio, [R 1 /R t d d] is transmitted in a samp e s an ar 
digital form to the controller. 
PDP-8/L is a 4096 word 12 bit word computer that serves as the pro-
gramable controller for the KCS-40 system. A program called SS-3 is pro-
vided with the system which is the basic program for KCS-40 operations. In 
addition to controlling the conditions of measurement, the instrument answers 
may be converted to color data in a highly repeatable and fast manner and 
standardization or calibration may be done often and rapidly. 
The instrument can be set for different conditions of measurement. 
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Reflectance or transmission measurement, type of illuminant, area of view, 
area of illumination, and specular condition are the parameters that should be 
specified by the operator. In our case, reflectance was measured and 
illuminant D- was used. This is the Source D-6500 except that a filter bas 
been introduced to remove the UV. Large area of view was chosen; that was 
believed to give the best average reading of the sample. The diameter of 
this viewer was 3/ 4 inches. And finally SCI, specular component included, 
was chosen; that condition included the mirror reflectance of the light in the 
readings. Before measurement, the instrument had to be calibrated for a 
white standard with known tristimulus values. The reflectance ratio data 
were printed by the teletype writer from 380 to 750 nm by 10 intervals. Data 
was also punched in a tape and used in calculations by the Lehigh computer. 
6. 2 Colorimetery 
A colorimeter does not give the entire spectrum of reflectance, instead, 
it gives the tristimulus values and L, a, and b coordinates. Colorimetery is 
not as accurate as spectrophotometery, but as far as the relative color 
difference is concerned it is reasonably accurate. The colorimeter used in 
our experiments was called HUNTERLAB MODEL D25. It bas 45 circumfer-
ential lighting with 0° viewing and L, a, b scales. The specimen area had a 
diameter of 2 inches. 
L, a, and b found by the instrument were different from CIELAB L*, 
a.*, and b*. The following correlations were used to convert L, a, and b to 
CIE X, Y, and Z to have consistant data with KCS-400 results ( 6 ). 
,' . 
. , 
1, 
I 
/ 
LH = 10Y
1/ 2 
aH = 17. 5 
{1. 02 X-Y} 
yl/2 
(Y-0. 847Z) 
bH = 7.0 yl/2 
where LH' aH, and bH are HUNTERLAB scales. A Fortran program entitled 
HUNTER was written to convert Hunter L, a, and b to CIE X, Y, Zand then 
to L*, a*, and b*. 
Optical Model of Toner Layer 
One part of the previous work on this project had been a search for the 
best mathematical model to explain the behaviour of toner layer (11). 
Experiments had been done on two sets of mixtures of magenta and 
cyan toners. 
Tonings had been done and samples measured on the KCS-40. At the 
same time pure magenta and cyan samples had also been prepared and 
measured. A blank (substrate) sample had also been prepared by laminating 
and exposing the paperboard with no toners. 
A computer program had been written that started by integrating the 
spectrophotometric curves of all the samples toned with the pure toners as 
well as the mixtures. The calculated tristimulus values had been converted to 
CIELAB coordinates L*, a*, and b*. These color coordinates that were based 
on measurement had been compared with color coordinates of the mixtures 
:. 
i 
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ca~culated based on theory from spectrophotometric curves of pure toners. 
Having reflectance R, and substrate reflectance R , different optical g 
models had been tested by changing the scattering power SX. Having the 
(K/S) values of pure ~agenta and cyan toners, also the weight fraction of 
toners in mixture, the K/S value of each mixture had been found from the 
expression 
K/S = (f (K/S) + (1-f ) (K/S) 
cy cy cy mg 
where f is the weight fraction of cyan toner in mixture. By back calculation, 
cy . 
K/S values had been converted to reflectance and then to X, Y, Z, and L*, a*, 
and b*. Having compared the results, Beer-Lambert's law for which SX was 
-7 
very low (SX = 10 ) bad shown the best agreement of results and chosen as 
the model for the optical behaviour of toner layer for color matching 
calculations. 
~ 
Color Matching of Cromalin Tone rs 
The objective of the work was to develop a method to calculate a 
® 
formula for a mixture of working Cromalin toners that would match a given 
printing ink sample. 
Three different approaches were developed to solve the problem. Most 
of the work was done on approach one which is described first. 
Approach One 
In: this approach use was made of color formulation equations and laws 
that were already described. There were two limitations involved in the work: 
First, the particle size of different toner samples bad to be taken into account 
I 
I' 
because it caused different degrees of pick-up compared to the other toners 
in the mixture. Second, readings had to be taken on the colorimeter rather 
than spectrophotometer, although the latter instrument is generally used for 
color matching work, specially required for most color matching programs. 
Toner Standardization 
First step of work was setting up standard toners as reference. For 
this purpose the following toners were used. 
MM35 Lot No. 3356-72 
MM50 Lot No. 3353-72 
MM80 Lot No. 3097-72 
TW6 Lot No. 3473-72 
Tonings of standard magenta toners and their 50% mixture with transparent 
(8) 
white were prepared following the Cromalin process. For each mixture or 
pure toner, four tonings were made and two areas of each sample having the 
same density as the average of the whole sample were measured by the KCS-40 
spectrophotometer. The tristimulus values of these samples are given in 
Tables 1-6. 
Having the reference reflectance curve, each working toner could be 
calibrated by preparing the pure and 50% mix tonings and measuring them on 
the colorimeter to get the tristimulus values of the working toner. 
A computer program had been written by Dr. Allen that determined 
how to ch~nge the standard spectrophotometric curve so that it would integrate 
to the tristimulus values measured on the colorimeter for the working toner. 
The modified curve was then considered to be the spectrophotometric curve of 
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TABLE 1 - Tristimulus values of four MM35 samples used to set the 
standard curve. A and Bare two different regions of a print 
having the average density of the whole print. 
X y z 
lA 29. 99 16.17 21. 28 
lB 30~04 16.16 21. 64 
2A 29. 72 15.86 20.92 
2B 30. 48 16.39 22.17 
3A 30.88 16.66 22. 74 
3B 31.24 17.00 23.28 
4A 29.32 15.59 20.41 
4B 29.23 15.58 20.30 
.t 
:; 
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TABLE 2 - Tristimulus values of four MM50 samples used to set the 
standard curve. A and B are two different regions of a print 
having the average density of the whole print. 
X y z 
1A 31. 18 17. 23 15.85 
lB 31.10 17. 24 15. 76 
2A 33.03 18.69 18.55 
2B 32.44 18.09 17. 55 
3A 31. 42 17. 31 16.28 
3B 31. 31 17. 32 16.18 
4A 30. 75 16.84 15.37 
4B 31. 30 17.32 16.19 
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TABLE 3 - Tristimulus values of four MM80 samples used to set the 
standard curve. A and B are two different regions of a print 
having the average density of the whole print. 
X y z 
lA 29. 34 16.62 10. 52 
lB 29. 44 16.61 10.25 
2A 29. 77 16.83 10. 48 
2B 29.86 16.81 10.55 
3A 29.61 16.69 10.26 
3B 29.56 16. 74 10.41 
4A 29. 58 16. 79 10. 65 
4B 29.69 16. 75 10.58 
, 
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TABLE 4 - Tristimulus values of 50% mixtures of Ml\139 with TW6 
used to calculate the strength factor of particles. A and B 
represent two regions of a sample having the average 
/ 
density of the whole print. 
X y z 
1A 37. 17 22.84 32.75 
lB 37.46 23.05 33. 07 
2A 36. 36 22.32 30.60 
2B 36.89 22. 70 31. 27 
3A 36. 75 22.86 32.42 
3B 37.44 23.24 32.69 
4A 38. 13 24.24 33.72 
4B 38.22 23.94 34. 29 
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TABLE 5 - Tristimulus values of 50% mixtures of MM50 with TW6 
used to calculate the strength factor of particles. A and 
B represent two regions of sample having the average 
density of the whole print. 
X y z 
1A 34. 53 20.49 20.58 
lB 34. 11 19.99 20.05 
2A 34. 87 20. 72 21.15 
2B 35. 00 20.68 21. 49 
3A 33.50 19.63 19.25 
3B 33.85 19. 69 19. 67 
4A 34.31 20.45 20.28 
4B 34. 62 20. 63 20.77 
,t,, 
\ 
,\ 
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TABLE 6 - Tristimulus values of 50% mixtures of MMSO with TW6 
used to calculate the strength factor of particles. A and 
B represent two regions of the sample having the average 
density of the whole print. 
X y z 
1A 37. 52 24.59 20.62 
lB 37.14 23.86 19. 94 
2A 36. 75 23.54 19.41 
2B 36. 60 23.45 19. 29 
3A 36. 36 23.06 18. 59 
3B 36. 00 22.95 18. 27 
4A 36. 42 23. 27 18. 71 
4B 33. 72 21. 79 18. 41 
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the working toner for use in the color matching calculations. The program, 
called TONCALB and given in Appendix, adjusts the spectrophotometric curve 
by dividing it into three segments: 380-500 nm, 510-600 nm, and 610-750 nm. 
In each segment a constant amount is added to or subtracted from the re-
flectances so as to match the required tristimulus values; these adjustments 
are calculated by solution of three linear simultaneous equations. The program 
is written in such a way that takes care of reflectance values not to drop below 
O. 04, the Saunderson K1 value, or does not rise above the reflectivity of the 
substrate. In case each one of these two happens, the errant reflectance value 
is lowered or raised appropriately and the remaining reflectance values are 
readjusted in such a way as not to change the tristimulus values. The program 
calibrates the three magenta toners at the same time. Next it takes care of 
particle size effect. The work is done by calculating theoretically the mixture 
of magenta toner with transparent white needed to give the Y tristimulus value 
actually found for the 50% mix. A strength factor is then set to be used in _ 
color matching calculations. 
strength factor 
Color Matching 
= 
Fraction of magenta calculated 
Fraction of magenta taken (=O. 5) 
In order to match a color three tristimulus values should be matched, 
therefore, three degrees of freedom are needed. In a toner layer, which is 
made of transparent pigments, each pigment gives one degree of freedom, 
this means three magenta toners should be used to match a magenta sample, 
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A computer program, entitled MAGMAT (magenta match), written by Dr. 
Allen and given in the Appendix, matches magenta samples with mixtures of 
three working magenta toners. The program is provided only for mixture of 
MM35 and MM50, or else MM50 and MM80, with or without TW6. The tri-
stimulus values of the sample to be matched are given to the computer. The 
program calculates a spectrophotometric curve to correspond to these tri-
stimulus values by the same procedure described for program TONCALB, 
except that the curve of the 50% mix of the magenta with TW6 is used as the 
reference curve. The program then uses an ''idiot search" procedure to 
determine that mixture of MM50 with either MM35 or MM80, with or without 
TW6, that will give the least color difference from the standard. If no formula 
with two magenta toners are possible as matches, the program searches for 
the best formula possible with a single magenta toner plus white. 
Assuming zero scattering coefficient for the toner layer, the 
calculations are made by taking linear combinations of the absorption co-
efficients of the constituents. Then the resulting A is converted to reflectance 
by using Beer's Law for clear films, and the resulting reflectance curve is 
integrated to give tristimulus values and CIELAB color coordinates and color 
differences. 
After the best formula is chosen, the program then corrects for the 
different toner pickups caused by particle size differences by using the 
strength factors. The method of use has been derived by Dr. Allen on the 
basis of the most plausible assumptions and is shown in the Appendix. 
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Results 
The following toners were used for color matching. 
MM36 Lot No. 5072-81 
MM50 Lot No. 4482-74 
MM80 Lot No. 1970-71 
TW6 Lot No. 4786-81 
First the pure and 50% mix with TW6 tonings of each toner were prepared. 
The resulting tonings were denaitometered and two average areas were taken. 
The samples were measured in the spectrophotometer and a tape of readings 
was created. Using the TONCALB program, the toners were calibrated and 
the calibration data were saved in a tape for subsequent color matching 
calculatio na. 
Arbitrary mixtures of toners to be matched were chosen and applied 
18) 
to Cromalin • Two samples of each toning were then measured on the KCS-40 
and matches were calculated for each set of data. The program MAG MAT, 
the calibration tape, and a tape containing the combined data of light source 
energy distribution and 1931 Observer (entitled TE1931) were all run 
together to find a match formula for each sample. 
For each sample a new formula was given by computer. Mixtures 
having the new formula were prepared and measured. New tristimulus values 
were given to the computer and closer match formulas were achieved. This 
was done as many times as necessary until a close match was achieved. Table 
7 represents the mixtures that were made up and the corresponding final 
matches.Tables 8 and 9 represent the steps involved in two different matches. 
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TABLE 7 - Final matches on arbitrary mixtures of magenta toners. 
Computer 
Taken Sample 1 Sample 2 ., A 
I 
~ 
MM35% 20.0 20.1 20.3 i 
MM50% 20.0 22.1 21. 9 
TW6% 60.0 57. 8 57.7 
MM50 % 20.0 26. 6 21. 0 
MM80
1 % 20.0 17. 1 17. 1 
TW6% 60.0 56. 3 61. 9 
MM35% 40.0 37. 6 30.2 
MM50 % 40.0 53.4 56.1 
TW6% 20.0 9. 0 13.8 
MM35% 50.0 47.8 48.2 
MM50% 1. 4 1. 5 ., 
TW6 % 50.0 50.8 50. 4 J i 
MM50 % 50.0 49. 6 48.2 
MM80% 1. 0 1. 9 
TW6% 50.0 49.4 49.4 
MM50 % 9. 6 6. 1 
MMSO % 50.0 42.0 45.5 
TW6% 50.0 48.4 48.4 
TABLE 8 - Two tries involved in a color matching. 
Taken TI'Y 1 
Try 2 
Match 
MM50% 20. 0 26. 5 26.6 
MMBO % 20.0 13.4 17. 1 
TW6% 60.0 60.1 56. 3 
TABLE 9 - One try involved in a color matching. 
Try 1 
Taken Match ~ 
' 
·1 
,, 
.r: 
MM35 % 40. 0 37. 6 
MM50% 40.0 53.4 
TW6% 20.0 9. 0 
For the first mmure (!'able 8), after two tries the match formula was 
achieved; for second mixture the match was achieved in the first try. The 
tonings corresponding to these mmures and matches are shown in the 
following pages. 
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PRINT 1 - Three steps of tonings involved in color matching try. 
Arbitrary Mixture 
20% MM50 
20% MMSO 
60%TW6 
Try 1 
26. 5% MM50 
13. 4% MMSO 
60. 1% TW6 
Try 2, Match 
26. 6% MM50 
17. 1% MMSO 
56. 3% TW6 
~ 
en 
PRINT 2 - Two toning steps involved in a color matching try. 
Arbitrary Mixture 
40% MM35 
40% MM50 
20% TW6 
Try 1, Match 
37. 6% MM35 
53. 4% MM50 
9. 0% TW6 
I 
I 
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l 
.l 
Approach Two 
In this approach use was also made of colorant formulation and color 
matching equations to establish a way to match any printed ink sample. The 
main difference between this approach and the former one was that in this one 
we tried to mat ch the entire spectral reflectance curve of the sample rather 
than looking for a tristimulus match. Two programs were written by Dr. 
Allen, entitled TONSPEC and MAGSPEC (given in Appendix). These programs 
corresponded to the programs TONCALB and MAGMAT used in approach one. 
A new set of magenta toners were used to prepare tonings of pure and 
50% mix with TW-6 of magenta toners. 
Seven arbitrary mixtures were also prepared and read on the KCS-40 
spectrophotometer. Programs TONSPEC and MAGSPEC were run to search 
for a match for each sample. The results are compared with the results of 
other approaches below. 
Approach Three 
This approach was based on the standard charts that are used at 
Parlin to look for a match formula. The objective was to computerize the 
way of using these charts to make color matching much faster and more 
accurate. Figure 5 shows one of these standard charts for magenta toners. 
There are three curves going from right to left. The one across the bottom 
of the chart represents MM35 full strength, at the right, and reduced with 
TW-6 at various percentages; proceeding from right to left. The curve 
across the middle of the chart going from right to left represents the same 
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Figure 5. The reference magenta chart used at 
Parlin for color matching. 
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thing for MM50, and the curve across the top of the chart shows the same 
thing for :MM80. The lines going up and down represent equal reductions 
with TW-6 at various percentages which are indicated by figures at the 
bottom. This chart was prepared with a particular set of toners and could 
be used only when the color matcher was using the same batch of toners. 
However, for a new batch of toners the visual color matcher has to revise 
this chart, This has to be done by a new set of tonings of the pure toner and 
a 50% mix with TW-6. 
Having the a and b values of these samples read on colorimeter, the 
visual color matcher has to mentally twist the standard chart so as to create 
a new chart passing through those particular a and b values. To match a 
sample, the color matcher measures the a and b values of the sample and 
plots it on the new standard chart as a point. 
By intuition and mental interpolation he can figure out how much of 
each toner has to be used to match that particular sample. 
Dr. Allen wrote two programs that could do all the work by computer. 
The first program, entitled RUSPLOT and given in the Appendix accepts 
several points read from the standard chart and uses Lagrange Polynomials 
to interpolate between them and plot a smooth standard chart passing through 
those points. Figure 6 represents a computer drawing corresponding to the 
plot showi:i in Figure 5, Being able to plot that standard curve, we could plot 
a standard chart for any new batch of toners by having the a and b values of 
the pure magenta and the 50% mix with TW-6. 
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Figure 6. The computer drawing corresponding to 
reference chart for magenta toners. 
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The second program entitled CMATCH (given in the Appendix), takes a 
and b values of any sample to be matched, uses the information obtained from 
program RUSPLOT and gives the match formula. This program really works 
by doing linear interpolation between across and up and down lines in the 
standard chart to calculate the amount of each toner in the match formula. 
Results and Discussion 
We received a new batch of toners from du Pont at Parlin and worked 
out the three different approaches side-by-side to decide on the best approach 
for color matching in our case. 
The toners had the following Lot Nos.: 
MM35-5074 
MM50-6247 
MMS0-6709 
TW6-6806 
Pure magenta and 50% mix with TW-6 tonings were prepared and measured on 
the spectrophotometer and on the colorimeter. Table 10 shows the tri-
stimulus values of these tonings that were used for calibration of the working 
toners. 
The data from colorimetery, Hunter aH and bH, were converted to 
CIELAB a* and b* and were used to construct the standard chart in approach 
three. These data are given in Table 11. 
Seven arbitrary mixtures of toners were prepared and applied by the 
\t9 
Cromalin process. The resultant samples were measured on both the KCS-40 
spectrophotometer and the HUNTER Colorimeter. 
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TABLE 10 - The tristimulus values of pure and 50% mix with TW-6 
tonings read on KCS-40 
No. 1 
MM35 
No. 2 
MM50 
No. 3 
MM80 
No. 4 
MM35 
TW-6 
No. 5 
MM50 
TW-6 
No. 6 
MM80 
TW-6 
Formula 
100 
100 
100 
50 
50 
50 
50 
50 
50 
% X y z 
31.13 17. 31 20. 78 
30.61 17.02 13. 46 
29.95 16.895 9. 81 
39.11 25.08 31. 84 
37. 90 23.815 23.17 
36.32 22.585 17.16 
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TABLE 11 - The Hunter a and b values and CIELAB a* and b* values 
'1 
:i 
of pure and 50% mix with TW-6 tonings used to construct 
_I 
,', 
1 
·I 
the standard chart for working toners. 1 i 
l 
Formula 
% aH bH a* b* 
No. 1 
MM35 100 74.3 -6.08 75.04 -7.56 
~ 
~j 
No. 2 (, ,1 
MM50 100. 72. 51 6.55 73.63 9.68 { ~ 
' 
No. 3 ,i'. 
J ··i MM80 100 69.96 13.30 71. 66 22.61 
' 
·/ 
l 
No. 4 ·.:; ) 
MM35 50 J 62.68 -9. 6 63. 19 -10.87 ; TW-6 50 
,. 
I 
l '· No. 5 j 
MM50 50 r 
TW-6 50 63.52 1. 39 64.21 1. 77 :~ 
No. 6 
MM80 50 
TW-6 50 63.56 9.05 64. 68 12.91 
Programs TONCALB and MAGMAT from approach one were run to 
calibrate the working toner and then get the match formula for each sample. 
Programs TONSPEC and MAGSPEC from approach two were also run; but on 
the entire reflectance spectrum of each sample, to calibrate them and then 
get the match formula. Finally, programs RUSPLar and CMATCH from 
approach three were run to construct the twisted standard chart for the 
particular working toners and calculate the match formula. The results of 
all runs are given in Table 12. In the tristimulus match approach we used the 
average tristimulus values of two spots of each sample for a match. How-
ever, for the full spectrum match each spot of sample was separately 
matched; therefore we had two different matches for each toning which were 
reasonably close to each other. 
In the chart method, we also tried two sets of a and b values: one was 
the converted Hunter ~ and bH to CIELAB a* and b*, and the other set was 
CIELAB a* and b* calculated from X, Y, and Z found by the KCS-40. 
For each approach and each sample the Root Mean Square Deviation of 
each match formula from the known formula for the sample was calculated and 
given in the same table. 
By looking at the results we can see that the first two approaches that 
work on the color formulation equations in two different ways, give very close 
results. However, in some cases the full curve approach gave the closer 
match. The chart method was found to be the best approach and gave closer 
matches in almost all cases. 
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A very interesting observation in the chart method was that the 
results for two different sets of data from colorimetery and spectrophotometery 
came out to be the same. This shows the accuracy of the method and 
reliability of using data obtained from any kind of color measuring instrument. 
Another advantage of the chart method is that we can just run programs 
and obtain the match without plotting the standard curve and thus make it more 
bandy and less time consuming, as far as computer time is concerned. 
At the same time and parallel to our work some experiments were 
!ione at Parlin. Several samples were prepared and three approaches were 
tried (12). The results of that work are shown in Table 13 and a twisted 
standard chart created for those particular working toners is given in Figure 
7. As it is shown these results confirm ours and indicate that the chart method 
is the best approach for real life practice at Parlin. 
Further experimental work and programming should be done on tonings 
with higher percentages of TW-6 to be able to construct the twisted standard 
chart in that region as accurately as the other parts of the plot and get better 
match formulas in that region as well. 
The same experimental work and study should also be do~e to develop 
methods of color matching for cyan and yellow toners. 
·' 
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TABLE 12 - Results of three approaches on seven arbitrary samples. 
True Formula, Calculated Formula2 % 
% Trist. Values Full Curve Chart Method Chart Method 
A B (KCS-40} {Hunter} 
No. 1 
MM35 20 44.6 43.9 44.0 37. 2 39.3 
MM50 20 2.9 2. 7 4.1 9. 0 8.2 
TW-6 60 52.5 53.4 51. 8 53.9 52.4 
RMS DEV. 21.18 20.86 20.35 14.43 15.99 
(11 No. 2 (11 
MM35 40 62.4 62.4 61. 2 49.4 50.3 
MM50 40 20.9 19.6 23.3 29. 8 29.4 
TW-6 20 16.6 18.0 15.5 20. 8 20.2 
RMS DEV. 20. 81 21. 4 19.08 9.8 10.45 
No. 3 
MM50 20 42.8 43.7 42.5 37. 3 41. 1 
MM80 20 5. 1 (MM35) 4. 8(MM35) 4. 6(MM35) 5. 9 3.5 
TW-6 60 52.2 51. 5 52.9 56. 7 55.3 
RMS DEV. 23.93 24.26 23.57 15. 78 18.94 
No. 4 
MM50 40 75.4 73.3 76. 1 60. 4 62.0 
MM80 40 5.3 7.0 5.2 21. 3 19. 1 
TW-6 20 19.2 19.7 18.7 18. 4 19.0 
RMS DEV. 35.05 33. 15 35.45 19.56 21. 45 
·-~·r ·;:;;;;,-:- ~.- .... ~,;._'iil,ii,.-,·.,.....,._,...._ ..._y ... , .•. · .. ~.·, ..... :.: ·,- :,-~,"'::'• ..• 1,.·.• 
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TABLE 12 - (continued) 
True Formula, Calculated Formula, % 
% Trist. Values Full Curve Chart Method Chlrt Method 
A B (KCS-40) (Hunter) 
No. 5 
MM35 80 87. 1 88.3 83. 7 69.5 69.3 
MM50 1. 8 7. 6 8. 7 
TW-6 20 12.9 11. 7 14.5 22.8 22.0 
RMS DEV. 7. 1 8.3 2.9 9. 16 9. 75 
No. 6 
MM35 13.2 16. 9 10.8 3. 1 2.8 
en MM50 80 70. 7 69.5 71.2 79.2 78.9 a:, 
TW-6 20 16.1 13.6 18.0 17. 8 18.2 
RMS DEV. 11.41 14.06 9.85 2.26 2. 12 
No. 7 
MM50 17. 0 16.1 17.0 No Match No Match 
MM80 80 66.4 68.0 66.0 
TW-6 20 16. 6 15.9 17. 1 
RMS DEV. 15.39 14. 19 15.57 
----~-.---·--
• • . - ~· .. ,>..,','· - ·=· :, 
TABLE 13 - Results on Parlin samples. 
True Formula, · Calculated Formula, % 
% Trist. Values Full Curve Chart Method 
4842-50-7 
MM35 3 16. 2(MM80) 6.7 3. 6 
MM50 59 36. 6 46.9 55.0 
TW-6 38 47. 2 46.4 41. 4 
RMS DEV. 20.86 8. 95 2.86 
4848-3-5 
MM35 9.2 4. l(MM80) 12.5 9. 0 
MM50 57. 6 60.0 51. 8 62.0 
TW-6 33.2 35.9 35.7 29.0 
RMS DEV. 9.56 4. 72 3.11 
4848-9-2 
MM50 58 37. 7 62.9 62. 7 
MM80 10 24.1 6. 3 
TW-6 32 38.2 37. 1 31. 0 
RMS DEV. 17. 48 7. 87 4.23 
4848-10-2 
MM50 13.5 4.5 
MM80 52 52.9 35.2 43.1 
TW-6 48 47. 1 51. 3 52.4 
RMS DEV. 0.64 15.24 7. 05 
. ;,..-~··-·=·· 
..: ~. '·---'-·"'--' .... ·-···· ·-···-··' 
TABLE 13 - (continued) 
True Formula, Calculated Formula, % 
% Trist. Values Full Curve Chart Method 
4848-13-2 
MM50 63 18.3 46.3 44.2 
MM80 4 27. 2 0.1 3. 8 
TW-6 33 54.5 53.6 52.0 
RMS DEV. 35.61 12. 13 13.29 
4848-18-2 
MM35 66 38.4 60.9 58.9 
MM50 21. 7 0.9 5. 0 
TW-6 34 39.9 38.2 36.1 c:n 
00 RMS DEV. 24.83 3.66 6.14 
4842-42-6 
MM35 30 6. 7 25.6 21. 1 
MM50 38 42.9 24.7 28.3 
TW-6 32 50.4 49.7 50.6 
RMS DEV. 16.84 9.91 9. 31 
4842-46-2 
MM50 43 11. 5 41. 3 33.9 
MM80 3 29. 3 o. 7 7. 1 
TW-6 54 59. 2 58.1 59. 0 
RMS DEV. 29.02 2.02 7.06 
Overall Dev. 19. 36 8.06 6.63 
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Figure 7. A twisted standard chart created for 
Parlin samples. 
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APPENDIX A 
Use of Strength Factors 
A. Single Toner Plus White 
IE) 
Assume that toner goes on to CROMALIN proportion to surface area. 
If we have two toners with surface areas per gram of s1 and s2, and if we 
have a mixture of W g of 1 and W g of 2, then the total surface areas are, 1 2 
'8) 
respectively, s1 W 1 and s2 W 2' Let C=capacity of CROMALIN surface to 
accept toner, then the amount of toner on the surface would be, respectively, 
on the surface if the surface area of the toner were not operative is res-
The ratio of (amount on surface) to (amount on surface if surface area 
~ no effect) is for toner number 1, 
Ratio= = 
if W 
1 
= W 
2
, as if is for a 50/50 toner - TW6 mix, 
S(W1 + W2) 
s w + s w 
1 1 2 2 
This is the quantity determined by the computer program as the 
strength factor, call this strength factor F 1' Then F 1 = 2S/ (S1 + S2). 
Assign an arbitrary value of 1 for the S of TW6, Then, for any toner, 
60 
,i 
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Insert this equation into the equation for the ratio given above; remember that 
S = 1· 2 . 
Suppose w2 = 1-W1, where w1 and w2 are now fractional amounts, then 
Now let us assume that we want to have a fraction of~ colored toner 
out of a mixture with TW6 on the surface. This is the amount calculated by 
the computer program to produce a certain color. The amount we will 
actually use in the mixture, however, will be the fraction W r We therefore 
have: 
_!__ Fl 
w
1 
=ratio= 2F w + 2-2w -F 
1 1 1 1 
To find out what mixture we must make to get ~ of pigment on the surface, we 
This is the desired. equation for one toner plus white. 
61 
1 ) 
B. Two Toners Plus White 
Let W 1 and W 2 be the fractional amounts of the two toners; the 
fractional amount of white is 1-W 1-w 2• Let the specific surface areas of the 
toners be s
1 
and s2; that of white is unity. The amount of Toner 1 on the 
surface is CS1W/[S1W1 + s2w2 + (1-W1-w2)], and similarly for Toner 2. 
If there were no surface effect, the amount of Toner 1 on the surface would be 
CW 1° Therefore the ratio, R1, of (toner on the surface) to (toner on the 
surface if no surface area effect) is 
with a similar expression for R
2
• 
If we substitute s1 = F / (2-F 1) into this equation, we obtain 
Fl (2-F2) 
Let us say that the computer calls for $1 and ~2 of Toners 1 and 2 on the 
surface, respectively. 
We have ~/W1 = R1 and ~2/w2 = R2• Making these substitutions, we 
have the following two equations: 
' 
.• 
' 
. ~ 
-·~ 
~l 
' 
l 
2th (1-F ) (2-F ) W + (2 ... F )[F + 2J. (1-F )]W ::th (2-F ) (2-F ) 
't' 2 1 2 1 1 2 't' 2 2 2 -y 2 1 2 
Solving these two equations simultaneously for W 1 
and W 
2 
will give the desired 
answer. This solution is left to the computer program. 
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APPENDIX B 
LISTING OF DIGITAL COlVIPUTER PROGRAJ.\1S 
INDEX OF IMPORTANT VARIABLE NA1\1ES 
a. Programs TONCALB, MAGMAT, TONSPEC, and MAGSPEC 
Variable Name 
ABSORB(X) 
REF(X) 
SAUND(X) 
DNUAS(X) 
RSUB(I) 
R(I, J) 
RNEW(I, J) 
TE (J, I) 
IDESIG(J) 
IX(J) 
XT ONER (I, J) 
DXDR(I, J) 
DINV(J, I) 
ASUB(I) 
ATONER(I, J) 
Description 
Absorbance function 
Reflectance function 
Saunderson correction 
Inverse of Saunderson correction 
Reflectance data of substrate 
Reflectance data of (J) toning 
Modified reflectance data after a tristimulus 
match. 
Combined data of light source energy distribution 
and 1931 observer 
Designation of different toners; MM35, MM50, 
MMBO 
Designation of tristimulus values; X, Y, Z 
Tristimulus values of magenta toners (full 
strength and 50% mix with TW-6) 
Partial derivatives of tristimulus value X with 
respect to reflectance 
Inverse of partial derivative matrix DXDR 
Unit absorbance of substrate 
Unit absorbance of (J) tonings 
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Variable Name (cont'd.) Description i\i ~ 
" , .. ;J 
:r 
ISAMP(J) Designation of samples '.~ ) 
' ,( 
RMODEL(I) Reflectance data of 50% mix of magenta toners 
,1..• 
? 
with white ' 
' i 
XST (I, J) Tristimulus values of standard and trial tonings 1 
STUFF(I) Percentages of magenta toners in trial toning 
P(I, J) Match-determining matrix 
., 
I 
:.: 
Right hand side vector in color matching equation ' BIGP(J) ; 
., 
,; 
,: 
C(I, J) Matrix of concentration of (I) tonings each made of 
(J) toners 
b. Programs RUSPLOT and CMATCH 
Variable Name Description 
AMAG(I, J) a* values of (I) different tonings made of J 
magenta toners mixed with TW-6. 
BMAG(I, J) b* values of (I) different tonings made of (J) 
magenta toners mixed with TW-6 
AEXT (I, J, K) a* values of intermediate points on standard chart 
BEXT (I, J, K) b* values of intermediate points on standard chart 
AW(I) a* values of working toners 
BW(I) b* values of working toners 
AWCUT(I) a* values of 50% reduction of toners with TW-6 
BWCUT(I) b* values of 50% reduction of toners with TW-6 
HORIZ(I, J) Points from horizontal curves of standard chart 
found by interpolation using Lagrange polynomials 
Points from vertical curves of standard chart ' VERr (I, J, K) ..i 
found by interpolation using Lagrange polynomials 1 [ 
f 
65 
Variable Name (cont'd.) Description 
SQEEZH(I), SQEEZV(I) Factors were found and used to twist the 
horizontal and vertical curves of standard chart 
AMAG(I, J), BMAG(I, J) Modified a* and b* values of intermediate points 
used to construct the twisted chart 
AS, BS a* and b* values of sample to be matched 
C(I) Match formula 
66 
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PROGRAM TONCALB (INPUT, OUTPUT, TAPE!, TAPE2, TAPE3, TAPE4) 
C 
C FITS REFLECTANCE CURVES TO MAGENTA TONERS BASED ON THEIR 
C MEASURED TRISTIMULUS VALUES. LIMITS REFLECTANCE VALUES 
C TO THE SUBSTRATE REFLECTANCES. DETERMINES STRENGTH 
C FACTORS FOR THE TONERS. OUTPUTS THE DATA ON TAPE. 
C 
C 
C 
100 
}30 
, 150 
160 
180 
DIMENSION RC38, 3), ARRAYC3B>, TEC3, 38), XTONERC3, 6), 
tRSUB(38), IDESIGC6>, DXDRC3, 3), DELXC3), 
tRNEWC38, 3), IXC3), ASUBC38), ATONERC38, 3), ROUT1(3), 
+ROUT2(3), STRFAC(3), DINVC3, 3), WORKC3), LLOC3), LHIC3) 
REAL K1, K2 
DATA IDESIG/4HMM35, 4HMM50, 4HMM80, 4HMM35, 4HMM50, 4HMM80/, 
+LL0/1, 14, 24/, LHI/13, 23, 38/, IX/1HX, 1HY, 1HZ/ 
ABSORBANCE FUNCTION, SAUNDERSON CORRECTION, AND 
THEIR INVERSES. 
ABSORBCX> = -0.434294482 * ALOGCX) 
REFCX) = EXPC-2.302585093 * X> 
SAUNDCX) =Kl+ (1. - Kl>* Cl. - K2> * X / Cl. - K2 * X> 
DNUAS(X) :: ex - Kl)/ (1. - Kl - K2 + K2 * X) 
READ IN DATA 
F'RINT 1020 
READ 1002, Kl, K2 
REWIND 1 
REWIND 2 
REWIND 3 
REWIND 4 
DO 100 J = 1, 38 
RSUB(J) = O. 
DO 100 I< = 1 , 3 
RCJ, K> = O. 
r,o 1 so J = 1, 3 
DO 130 K :: 1 , 8 
CALL PLACE 
READ (1, 1001) ARRAY 
r,o 130 L == 1, 38 
RCL, J) = RCL, J) + ARRAYCL) 
DO 150 L = 1, 38 
R<L, J) = RCL, J) / 800. 
RNEW<L, J> = RCL, J) 
DO 160 J = 1, 2 
READ (4, 1002) ARRAY 
DO 160 K = 1, 38 
RSUBCK) = RSUBCK> + ARRAYCK) 
ItO 180 K :: 1 , 38 
RSUB<K> = RSUBCK> / 200. 
READ (2, 1002) <<TE<J, K>, K = 1, 38) , J = 1, 3 > 
ENTER TRISTIMULUS VALUES OF TONERS BY HAND+ 
DO 240 J = 1, 6 
IF (J •GE• 4) GO TO 200 
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Variable Name (cont'd.) 
ISAMP(J) 
RMODEL(I) 
XST(I, J) 
STUFF(I) 
P(I, J) 
BIGP(J) 
C(I, J) 
Description 
Designation of samples 
Reflectance data of 50% mix of magenta toners 
with white 
Tristimulus values of standard and trial tonings 
Percentages of magenta toners in trial toning 
Match-determining matrix 
Right hand side vector in color matching equation 
Matrix of concentration of (I) tonings each made of 
(J) toners 
b. Programs RUSPLOT and CMATCH 
Variable Name 
AMAG(I, J) 
BMAG(I, J) 
AEXT (I, J, K) 
BEXT (I, J, K) 
AW(I) 
BW(I) 
AWCUT(I) 
BWCUT(I) 
HORIZ(I, J) 
VER!' (I, J, K) 
Description 
a* values of (I) different tonings made of J 
magenta toners mixed with TW-6. 
b* values of (I) different tonings made of (J) 
magenta toners mixed with TW-6 
a* values of intermediate points on standard chart 
b* values of intermediate points on standard chart 
a* values of working toners 
b* values of working toners 
a* values of 50% reduction of toners with TW-6 
b* values of 50% reduction of toners with TW-6 
Points from horizontal curves of standard chart 
found by interpolation using Lagrange polynomials 
Points from vertical curves of standard chart 
found by interpolation using Lagrange polynomials 
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Variable Name (cont'd.) Description 
SQEEZH(l), SQEEZV(I) Factors were found and used to twist the 
horizontal aid vertical curves of standard chart 
AMAG(I, J), BMAG(I, J) Modified a* aid b* values of btermediate points 
used to construct the twisted chart 
AS, BS a* and b* values of sample to be matched 
C (I) Match formula 
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100 
110 C 
120 C 
130 C 
140 C 
150 C 
160 C 
170 
180 
190 
200 
210 C 
220 C 
230 
240 
250 
260 C 
270 C 
280 C 
290 C 
300 
310 
320 
330 
340 C 
350 C 
360 C 
370 
380 
390 
400 
410 
420 
430 
440 
450 
460 
470 
480 
490 
500 
510 
520 
530 
·540 
550 
560 
570 
580 
590 
600 
610 
620 
630 C 
640 C 
65 
0 C 
660 
670 
PROGRAM TONCALB <INPUT, OUTPUT, TAPEl, TAPE2, TAPE3, TAPE4> 
FITS REFLECTANCE CURVES TO MAGENTA TONERS BASED ON THEIR 
MEASURED TRISTIMULUS VALUES. LIMITS REFLECTANCE VALUES 
TO THE SUBSTRATE REFLECTANCES. DETERMINES STRENGTH 
FACTORS FOR THE TONERS. OUTPUTS THE DATA ON TAPE. 
DIMENSION RC38, 3), ARRAYC38>, TEC3, 38>, XTONERC3, 6>, 
+RSUBC38), IDESIGC6>, DXDRC3, 3>, DELXC3), 
+RNEWC38, 3>, IXC3>, ASUBC38), ATONERC38, 3), ROUT1C3>, 
+ROUT2(3), STRFACC3), DINVC3, 3), WORKC3), LLOC3), LHIC3) 
REAL K1, K2 
DATA IDESIG/4HMM35, 4HMM50, 4HMM80, 4HMM35, 4HMM50, 4HMM80/, 
+LL0/1, 14, 24/, LHI/13, 23, 38/, IX/1HX, 1HY, lHZ/ 
ABSORBANCE FUNCTION, SAUNDERSON CORRECTION, AND 
THEIR INVERSES. 
ABSORBCX> = -0.434294482 * ALOGCX) 
REF<X> = EXPC-2.302585093 * X> 
SAUNDCX> =Kl+ (1. - Kl>* (1. - K2> * X / Cl. - K2 * X> 
DNUASCX> = (X - Kl>/ Cl. - Kl - K2 + K2 * X> 
READ IN DATA 
PRINT 1020 
READ 1002, Kl, K2 
REWIND 1 
REWIND 2 
REWIND 3 
REWIND 4 
DO 100 J = 1, 38 
RSUBCJ) = O. 
DO 100 K = 1, 3 
100 RCJ, K> = O. 
DO 150 J = 1, 3 
DO 130 K = 1, 8 
CALL PLACE 
READ (1, 1001) ARRAY 
DO 130 L = 1, 38 
130 RCL, J> = R<L, J) + ARRAYCL) 
DO 150 L = 1, 38 
R<L, J) = RCL, J) / 800. 
150 RNEW(L, J> = RCL, J> 
DO 160 J = 1, 2 
READ (4, 1002> ARRAY 
DO 160 K = 1, 38 
160 RSUB(K) = RSUB<K> + ARRAYCK> 
DO 180 K = 1, 38 
180 RSUB<K> = RSUB<K> / 200. 
READ (2, 1002) CCTE<J, K>, K = 1, 38), J = 1, 3) 
ENTER TRISTIMULUS VALUES OF TONERS BY HAND. 
DO 240 J = 1, 6' 
IF (J ~GE• 4) GO TO 200 67 
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680 PRINT 1003, IDESIG<J> GO TO 220 690 
700 
710 
720 
730 C 
740 C 
750 C 
-7·60 
200 PRINT 1004, IDESIG(J> 
220 READ 1002, <XTONER<K, J>, K = 1, 3) 
240 CONTINUE 
770 
780 
790 
800 
CALCULATE MATRIX OF PARTIAL DERIVATIVES AND INVERSE 
DO 260 J = 1, 3 
DO 260 K = 1 , · 3 
DXDR(J, 10 = O. 
L1 = LLO<K> 
L2 = LHI<K> 
810 
820 
830 
DO 260 L = Ll, L2 
260 DXDR<J, K> = DXDRCJ, K> + TE(J, L> 
CALL LINV1F (DXDR, 3, 3, DINV, O, WORK, IER> 
840 C 
850 C 
860 C 
870 C 
880 
890 
900 
ADJUST REFLECTANCE CURVES OF TONERS SO AS TO OBTAIN 
·AGREEMENT WITH TRISTIMULUS VALUES OF STANDARD TONERS. 
PRINT 1018 . 
DO 300 J = 1, 3 
PRINT 1006, IDESIGCJ> 
DO 290 K = 1, 3 
XCALC = O. 910 920 
930 
940 
950 
960 
970 
980 
990 
1000 
1010 
1020 
1030 C 
1040 C 
1050 C 
1060 C 
1070 C 
1080 C 
1090 C 
1100 C 
1110 
1120 
1130 
1140 
1150 
1160 
1170 
1180 
1190 
1200 
.1210 
1220 
1230 
1240 
1250 
1260 
1270 
1280 
1290 
1300 
DO 280 L = 1, 38 
280 XCALC = XCALC + TECK, L> * R(L, J> 
290 DELX(K) = XTONERCK, J) - XCALC 
291 DO 292 K = 1, 3 DELR = DINVCK, 1) * DELXC1) + DINVCK, 2) * DELX(2) 
+ + DINV(K, 3) * DELXC3) 
Ll = LLO(IO 
L2 = LHICK> 
DO 292 L = L1, L2 
292 RNEWCL, J) = RNEWCL, J> + DELR 
DETERMINE IF ANY REFLECTANCE VALUES ARE LESS THAN 
0.1 PER CENT OR OVER 99.9 PER CENT, IF SO, 
BRING THEM UP OR DOWN TO 0.5 OR 99.5 PER CENT 
RESPECTIVELY, AND COMPENSATE THE DIFFERENCE 
BY ALTERING ALL THE REST OF THE REFLECTANCE 
VALUES. 
DO 295 L = 1, 38 
IF <RNEWCL, J) • GE. 0.001) GO TO 295 
PRINT 1019, L 
DO 293 K = 1, 3 
293 DELX(K) = -TECK, L) * (0.005 - RNEWCL, J>> 
RNEW<L, J> = 0.005 
GO TO 291 
295 CONTINUE 
DO 298 L = 1, 38 IF (RNEW<L, J) • LE. RSUBCL>> GO TO 298 
PRINT 1019, L 
DO 296 K = 1, 3 
296 DELX<K) = -TECK, L) * CRSUB<L> - 0.005 - RNEWCL, J>> 
. RNEW(L, J) = RSUB<L> - 0.005 
, GO TO 291 
298 CONTINUE 
300 CONTINUE . 
PRINT 1011 · 
READ 1012, IESORNO 
IF CIESORNO • EQ • 2HNO> GO TO 3~0 68' 
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I 
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C 
1320 C 
1330 C 
1340 
1350 
1360 
1370 
1380 
1390 
1400 305 
1410 310 
1420 C 
1430 C 
1440 C 
1450 
1460 
1470 
1480 
1490 
1500 
1510 315 
1520 320 
1530. C 
1540 C 
1550 C 
1560 350 
1570 
1580 
1590 400 
1600 
1610 
1620 C 
1630 C 
1640 C 
1650 
1660 
1670 
1680 
1690 
1700 
TRISTIMULUS CHECK 
F·RINT 1005 
DO 310 J = 1, 3 
PRINT 1006, IDESIGCJ) 
DO 310 K = 1, 3 
XCALC = o. 
DO 305 L = 1, 38 
XCALC = XCALC + TECK, L) * RNEW<L, J) 
PRINT 1007, XTONERCK, J>, IXCK>, XCALC 
PRINT OUT NEW REFLECTANCE CURVES. 
PRINT 1008, CIDESIG(J), J = 1, 3) 
"IWAVE = 370 
D0.320 L = 1, 38 
IWAVE = IWAVE + 10 
DO 315 J = 1, 3 
ROUT1(J) = R<L, J) * 100. 
ROUT2<J> = RNEW<L, J> * 100. 
PRINT 1009, IWAVE, (ROUTl(J>, ROUT2(J>, J = 1, 3) 
CALCULATION AND OUTPUT OF UNIT ABSORBANCE VALUES. /' 
DO· 400 L = 1, 38 
ASUBCL> = ABSORB<DNUAS<RSUB<L>>> 
DO 400 J = 1, 3 
ATONERCL, J) = ABSORB(DNUAS<RNEWCL, J))) - ASUBCL) 
WRITE (3) ASUB 
WRITE (3) ATONER 
CALCULATION AND OUTPUT OF STRENGTH FACTORS. 
PRINT 1013 
DO 500 J = 1, 3 
PRINT 1014, IDESIGCJ> 
PRINT 1015, XTONERC2, J + 3) 
CUT1 = 0.45 
YTRY1 = o. 
1710 
1720 
1730 
1740 
DO 420 L = 1, 38 
420 YTRY1 = YTRY1 + TE(2, L) * SAUND<REF(CUT1 * ATONER<L, J) 
1750 
1760 
1770 
1780 
1790 
1800 
1810 
1820 
1830 
1840 
1850 
1860 
1870 
+ + ASUBCL> » 
CUT2 = 0.50 
ITER = 0 
440 ITER = ITER + 1 
IF CITER. GT • 20) GO TO 530 
YTRY2 = o. 
I10· 460 L = 1, 38 
460 YTRY2 = YTRY2 + TEC2, L> * SAUNDCREF(CUT2 * ATONER<L, J) 
+ + ASUBCL> » 
PRINT 1016, CUT2, YTRY2 
IF (ABSCYTRY2 - XTONERC2, J + 3)) •LE• 0.001) GO TO 500 
CUT3 = CCYTRY2 - XTONERC2, J + 3)) * CCUT2 - CUT1> - CUT2 * 
+ CYTRY2 - YTRY1>> / CYTRYl - YTRY2> 
CUT1 = CUT2 
CUT2 =.CUT3 
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1890 
1900 500 
1910 
1920 
1930 
1940 530 
1950 
1960 C 
1970 C 
1980 C 
YTRY1 = YTRY2 
GO TO 440 
STRFAC(J) = CUT2 
WRITE (3) STRFAC 
F'RINT 1017 
STOP 
PRINT 1010 
STOP 
/ o.s 
FORMAT STATEMENTS 
1990 1001 FORMAT C6X, F15,0) 
2000 1002 FORMAT CF15,0) 
2010 1003 FORMAT(//* ENTER TRISTIMULUS VALUES CONE PER LINE> OF*' 
2020 t A4, * FULL STRENGTH*/) 
2030 1004 FORMAT <II* ENTER TRISTIMULUS VALUES CONE PER LINE> OF*' 
2040 t A4, * 50/50 MIX WITH TRW*!> 
2050 1005 FORMAT(//*. TRISTIMULUS CHECK*''* FOUND*, ax, *CALCD,*> 
2060 1006 FORMAT (/9X, A4/) 
2070 1007 FORMAT (F7,3, 3X, Al, F9,3/) 
2080 1008 FORMAT (////21X, *REFLECTANCE CURVES*//12X, A4, 2C15X, A4> 
2090 + //BX, 3(*0LD*, 5X, *NEW*, BX>> 
2100 1009 FORMAT C/I4, 2FB,2, 2C3X, 2F8,2>> 
2110 1010 FORMAT Cl* OVERITERATION ON STRENGTH FACTOR CALCULATION*> 
2120 1011 FORMAT Cl* TRISTIMULUS CHECK AND PRINTOUT? YES/NO*/) 
2130 1012 FORMAT CA3) 
2140 1013 FORMAT C//5X,* STRENGTH FACTOR*IBX,*CALCULATION*I> 
2150 1014 FORMAT C//11X, A4/) 
2160 1015 FORMAT (6X,*Y AIM =*,F7,3//7X%CUT 
2170 1016 FORMAT (F11,4, F9,3) 
2180 1017 FORMAT(///) 
Y VALUE*!> 
2190 1018 FORMAT (II* CURVE ADJUSTMEIH RECORD: WAVELENGTHS* 
2200 +*BEING ALTERED*>· 
2210 1019 FORMAT <1H@, I3) 
2220 1020 FORMAT (II* ENTER Kl AND K2 CON SEPARATE LINES)*/) 
2230 END 
2240 C 
2250 C 
2260 
2270 C 
2280 C 
2290 C 
2300 100 
2310 
2320 
2330 150 
2340 
2350 C 
2360 1001 
2370 C 
2380 
- SUBROUTINE PLACE 
FINDS PROPER PLACE TO READ DATA FROM KCS40 PRINTOUT, 
READ < 1, 1001) 
IF <IWAVE. EQ 
GO TO 100 
BACKSPACE 1 
RETURN 
FORMAT C3X, A3> 
END 
IWAVE 
• 3H380) GO TO 150 
70 
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l' 
100 
110 C 
120 C 
130 C 
140 C 
.;ti' 150 
l 
I· 160 
170 
,J' 180 190 
200 C 
210 
220 C 
230 
240 
250 C 
260 
270 C 
280 
290 C 
300 
310 
320 
330 C 
340 C 
350 C 
360 C 
370 
380 
390 
400 
410 C 
420 C 
430 C 
440 
450 
460 
470 
480 
490 
500 
510 
520 
530 
540 
550 
560 
570 
580 
590 
600 
610 
620 
PROGRAM MAGMAT <INPUT, OUTPUT, TAPE2, TAPE3, TAPES> 
MATCHES A MAGENTA INK SAMPLE WITH MAGENTA TONERS. 
ALSO CORRECTS A PREVIOUS MATCH+ 
DIMENSION STRFAC(3>, RMODELC38), DXDR(3, 3), DINV<3, 3), 
+WORK(3), XCALC(3), RNEW(38, 2), STUFF(3), PC2, 2>, 
+PINV(2, 2), BIGP<2>, CONCC3, 2), IDESIG(4>, ISAMP<4>, 
+ROOT(3), EL<2>, AC2), B(2), DELX(3), IX(3), LLOC3), 
+LHI(3), RSUB(38), DE(3), SIGN(2), DC(5), C(3) 
LOGICAL CHANGE, SINGLE 
COMMON ASUB(38), ATONER(38, 3), TE<3, 38), SUM(3), 
+XSTC3, 2), SINGLE, K1, K2 
REAL Kl, K2 
EQUIVALENCE .CRNEW, RMODEL> 
DATA IDESIG/4HMM35, 4HMM50, 4HMM80, 4HTW6 /,IX/1HX, 1HY, 
+lHZ/,LL0/1, 14, 24/, LHI/13, 23, 38/, DC/0.1, 0+05, 
+0.01, 0+005, 0+001/, SIGN/1., -1+/ 
ABSORBANCE FUNCTION, SAUNDERSON CORRECTION, AND 
.THEIR INVERSES. 
ABSORB<X> = -0.434294482 * ALOG<X> 
REFCX> = EXP(-2.302585093 * X> 
SAUND<X> =Kl+ (1. - Kl)* Cl+ - K2> *XI (1. - K2 * X> 
DNUASCX) = <X - Kl)/ Cl+ - Kl - K2 t K2 * X> 
READ IN DATA 
SINGLE= .FALSE. 
PRINT 1028 
READ 1001, Kl, K2 
REWIN[t 2 
REWIND 3 
REWIND 5 READ (2, 1001) <<TE<J, L>, L = 1, 38), J = 1, 3) 
DO 100 J = 1, 3 
SUMCJ> = o. 
DO 100 L = 1, 38 
1oo·suM{J) = SUM(J) + TE(J, L) 
READ (3) ASUB 
DO 103 L = 1, 38 
103 RSUBCL) = SAUNDCREFCASUB<L>>> 
READ (3> ATONER 
READ <3> STRFAC 
CALL PLACE 
READ (5, 1002) RMODEL 
DO 105 L = 1, 38 
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640 
650 C 
660 C 
670 C 
680 C 
690 
700. 
710 
720 
730 
740 
750 
760 
770 
780 
790 
800 
810 
820 
830 
840 C 
850 C 
860 C 
870 C 
880 
890 
900 
910 
920 
930 
940 
950 
960 
970 
980 C 
990 C 
1000 C 
1010 C 
1020 
1030 
1040 
1050 
1060 
1070 
1080 
·1090 
1100 
1110 
1120 
1130 
1140 
1150 
1160 
1170 
1180 
1190 
1200 C 
1210 C 
RMODEL(L) = 0.01 * RMODEL(L) 
105 RNEW<L, 2) = RMODELCL) 
ENTER DATA PERTAINING TO THE IMMEDIATE PROBLEM 
BY HAND+ 
PRINT 1012 
READ 1013, ISAMP 
PRINT 1004 
READ 1005, MORC 
PRINT 1003 
"READ 1001, CXSTCJ, 1>, J = 1, 3) 
IF <MORC. EQ + 1HM> GO TO 120 
· F'RINT 1006 
READ 1001, CXSTCJ, 2>, J = 1, 3) 
PRINT 1011 
READ 1013, MDESIG 
IF CMDESIG + EG. 4HMM80) PRINT 1025 
IF CMDESIG + EG. 4HMM35) PRINT 1024 
READ ·1001, CSTUFFCJ>, J =·1, 2) 
CALL SUM100 (STUFF> 
CALCULATE MATRIX OF PARTIAL DERIVATIVES AND INVERSE FOR 
DERIVING CURVES FROM TRISTIMULUS VALUES. 
120 PRINT 1027 
READ 1013, IESORNO 
DO 160 J = 1, 3 
DO 160 K = 1, 3 
DXDRCJ, 10 = · O+ 
Li= LLOCK> 
L2 = LHI<K> 
DO 160 L _= Ll, L2 
160 DXDRCJ, K> = DXDRCJ, K> + TECJ, L> 
CALL LINV1F <DXDR, 3, 3, DINV, O, WORK, !ER> 
ADJUST REFLECTANCE CURVES OF TONERS SO AS TO OBTAIN 
AGREEMENT WITH TRISTIMULUS VALUES OF STANDARD TONERS+ 
PRINT 1007 
DO 180 K = 1, 3 
XCALC<K> = o. 
DO 180 L = 1, 38 
180 XCALC(K) = XCALCCK> + TECK, L> * RMODELCL> 
DO 200 J = 1, 2 
IF CJ+ EG. 2 +AND. MORC. EG. 1HM> GO TO 200 
IF <J • EG. 1> PRINT 1009 
IF CJ. EG. 2) PRINT 1010 
DO 190 K = 1, 3 
190 DELXCK) = XSTCK, J> - XCALCCK) 
191 DO 192 K = 1, 3 
DELR = DINVCK, 1) * DELXC1) + DINVCK, 2) * DELXC2> 
+ + DINV<K, 3> * DELX<3> 
Ll = LLO(IO 
L2 = LHI<K> 
·DO 192 L = Ll, L2 
192 RNEWCL, J> = RNEW<L, J>·+ DELR 
1220 c. 
DETERMINE IF' ANY REFLECTANCE VALUES ARE LESS THAN 
. 0+1 PER CENT OR OVER 99+9 PER CENT, IF SO, 
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C 
1240 C 
1250 C 
1260 C 
1270. C 
1280 
1290 
1360 
1310 
1320 
1330 
1340 
1350 
1360 
1370 
1380 
1390 
1400 
1410 
1420 
1430 
1440 
1450 C 
1460 C 
1470 C 
1480 C 
1490 
1500 
1510 
1520 C 
1530 C 
1540 C 
1550 C 
BRING JHEM UP OR DOWN TO 0+5 OR 99+5 PER CENT 
RESPECTIVELY, AND COMPENSATE THE DIFFERENCE 
BY ALTERING ALL. THE REST OF THE REFLECTANCE 
VALUES. 
DO 195 L = 1, 38 
IF <RNEWCL, J) •GE. 0+001) GO TO 195 
PRINT 1008, L 
DO 193 K = 1, 3 
193 DELX(K) = -TECK, L) * co.oos·- RNEWCL, J)) 
RNEWCL, J> = 0.005 
GO TO 191 
195 CONTINUE 
DO 198 L = 1, 38 
IF CRNEWCL, J) • LE • 0+999) GO TO 198 
PRINT 1008, L 
DO 196 K = 1, 3 
196 DELXCK) = -TECK, L) * C0.995 - RNEWCL, J>) 
RNEWCL, J) = 0.995 
GO TO 191 
198 CONTINUE 
200 CONTINUE 
FOR THE CORRECTION PROGRAM, SET THE ABSORBANCE OF 
THE SUBSTRATE EQUAL TO THAT OF THE TRIAL TONING~ 
IF CMORC. £Q • 1HM) GO TO 250 
DO 230 L = 1 , 38 
230 ASUB(L) = ABSORBCDNUAS<RNEWCL, 2))) 
CALCULATE RIGHT HAND SIDE VECTOR, MATCH-DETERMINING 
MATRIX AND ITS INVERSE+ 
1560 250 DO 400 MM= 1, 2 
1570 IF CMORC. EQ. 1HC. AND. MDESIG. EQ • 4HMM35. 
1580 + AND •MM. EQ. 2) GO TO 400 
15~0 IF CMORC • EQ • 1HC. AND. MDESIG. EQ • 4HMM80 • 
1600 +AND. MM. EQ. 1) GO TO 400 
1610 DO 260 J = 1, 2 
1620 BIGPCJ) = O+ 
1630 DO 260 K = 1, 2 
1640 260 P<J, K> = O. 
1650 DO 300 L = 1, 38 
1660 DO 300 J = 1, 2 
1670 JJ = MM - 1 + J 
1680 BIGPCJ) = BIGPCJ> + ATONER<L, JJ) * 
1690 + CABSORBCDNUAS<RNEWCL, 1))) - ASUBCL)) 
1700 DO 300 K = 1, 2 
1710 KK = MM - 1 + K 
1720 PCJ, K> = PCJ, K) + ATONER<L, JJ> * ATONER<L, KK> 
1730 - 300 CONTINUE 
1740 CALL LINV1FCP, 2, 2j PINV, O, WORK, IER> 
1750 C 
1760 C 
1770 C 
1780 
1790 
1800 320 
1810 C 
1820 C 
1830 C 
1840 
CALCULATE ROUGH MATCH. 
DO 320 J = 1, 2 
CONCCJ, MM>= PINVCJ, 1) * BIGP(1) + PINV<J, 2) * BIGPC2) 
CCJ) = CONCCJ, MM> 
ITERATE TO.CLOSEST MATCH 
CALL SYNTH CC, MM, DETEMP> 73 
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1860 
1870 
1880 
1890 
1900 
1910 
1920 
1930 
1940 
1950 
1960 
1970 
1980 
1990 
2000 
2010 
2020 
2030 
2040 
2050 
2060 
2070 
2080 C 
2090 C 
2100 C 
2110 
2120 
2130 
2140 
2150 
2160 
2170 
2180 
2190 
2200 
2210 
2220 
2230 
2240 
2250 
2260 
2270 
2280 
2290 
2300 
2310 
2320 
2330 
2340 
2350 
2360 
2370 
2380 
2390 
2400' 
2410 
C 
C 
C 
C 
IF (IESORNO. ED. 3HYES> PRINT 1022 
IF <IESORNO • EQ • 3HYES> PRINT 1023, C(1), C(2), 
+ DETEMP [IE (MM) = I1ETEMP 
DO 390 IDC = 1, 5 
325 CHANGE= .FALSE. 
DO 380 J = 1, 2 
DO 380 JS = 1 , 2 
330 CONC<J, MM)= CONC<J, MM> + DC<IDC) * SIGN(JS) 
DO 335 JJJ = 1, 2 
335 C(JJJ> = CONC<JJJ, MM> 
CALL SYNTH (C, MM, DETEMP> 
IF (DETEMP •GE. DE(MM)) GO TO 340 
DE<MM> = DETEMP 
CHANGE= .TRUE. 
IF (IESORNO • ED• 3HYES> PRINT 1023, CC1), CC2), 
+ DETEMP 
GO TO 330 
340 CONC(J, MM> = CONCCJ, MM> - DCCIDC) * SIGNCJS> 
380 CONTINUE 
IF <CHANGE> GO TO 325 
390 CONTINUE 
400 CONTINUE 
PICK THE WINNER 
IF (MORC •. EQ • 1HC) GO TO 415 
IF (CONCC1, 1>. LT• o •• OR• CONCC1, 2>. LT. O. 
+ • OR • CONC < 2, 1 ) • LT • 0 • • OR • CONC C 2, 2) • LT • 
tO.) GO TO 403 
JAKE= 2 
IF CDEC1) • LT• DEC2)) JAKE= 1 
GO TO 417 
403 IF CCCONCC1, 1). LT. O •• OR. CONCC2, 1) •LT. O.) 
+ • AND • C CONC < 1 , 2) • LT • 0. • OR • CONC C 2, 2 > • LT • 
406 
t GO TO 406 
IF (CONC<1, 1) • LT. O+ • OR. CONC(2, 1) •LT• O.) 
+JAKE-= 2 
IF (CONCC1, 2) • LT • O+ • OR • CONC(2, 2) • LT • O.) 
+JAKE= 1 
GO TO 417 
IF NEGATIVE CONCENTRATIONS CANNOT BE AVOI[IED, USE 
SINGLE TONER MATCHES+ 
SINGLE= .TRUE+ 
DO 411 J = 1, 3 
CONCCJ, 1) = 0.5 
CC1) = CONCCJ, 1) 
CALL SYNTHCC, J, DETEMP> 
DECJ) = DETEMP 
DO 411 IDC = 1, 5 
DO 411 JS= 1, 2 
408 CONCCJ, 1) = CONCCJ, 1) + DCCIDC> * SIGNCJS) 
C<1> = CONCCJ, 1> 
CALL SYNTH CC, J, DETEMP> 
IF CDETEHP • GE • DE<J» GO TO 410 
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2430 
2440 
2450 
2460 
2470 
DE(J) = DETEMP 
GO TO 408 
410 CONC(J, 1) = CONCCJ, 1) - DCCIDC> * SIGNCJS) 
411 CONTINUE . 
DEBEST = 1000. 
DO 412 J = 1, 3 
.2480 
2490 
2500 
2510 
2520 
2530 
2540 
2550 
2560 
412 DEBEST = AMIN1<DEBEST, DECJ>> 
3333 FORMAT(6X,A4> 
2570 
2580 
2590 
2600 C 
2610 C 
2620 C 
2630 
2640 
2650 
2660 
2670 
2680 
2690 
2700 C 
2710 C 
2720 C 
2730 C 
2740 
2750 
2760 
2770 
2780 
2790 
2800 
2810. 
2820 
2830 
2840 
2850 
2860 
2870 
2880 C 
2890 C 
2900 C 
2910 C 
2920 C 
2930 
2940 
2950 
2960 
2970 c· 
2980 
2990 
3000 
3010 
DO 413 J = 1, 3 
IF (ABS<DECJ) - DEBEST> • LT• 1.E-5) GO TO 414 
413 CONTINUE 
414 IBEST = IDESIG(J) 
CBEST = CONC<J, 1) 
JBEST = J 
SBEST = STRFAC(J) 
GO TO 530 
415 IF <MDESIG. EQ. 4HMM35) JAKE= 1 
IF CMDESIG. EQ. 4HMM80) JAKE= 2 
MAKE ADJUSTMENTS ACCORDING TO JAKE 
417 IF <JAKE• EQ. 1) GO TO 418 
IDESIG<l> = IDESIGC2) 
IDESIG<2> = IDESIGC3i 
STRFAC(l) = STRFAC(2) 
STRFACC2) = STRFAC(3) 
418 IDESIGC3) ~ IDESIG(4) 
IF (MORC • EQ. 1HC> GO TO 430 
CORRECT CALCULATED CONCENTRATIONS BY THE 
STRENGTH FACTORS+ 
C1 = CONCC1, JAKE) 
C2 = CONCC2, JAKE> 
PC1, 1) = (2. - STRFAC(2)) * (STRFAC(1) + 2. *Cl* (1. -
+ STRFACC 1)) > 
PC1, 2) = 2. *Cl* (2. - STRFAC<1>> * (1. - STRFAC(2)) 
PC2, 1) = 2+ * C2 * (2. - STRFAC(2)) * (1. - STRFACC1)) 
PC2, 2) = C2+ - STRFAC(1)) * CSTRFAC(2) + 2. * C2 * C1. 
+ STRFACC2) » 
BIGP(l) = C1 * (2. - STRFAC(1)) * C2+ - STRFAC(2)) 
BIGPC2) = C2 * C2. - STRFACC1)) * C2+ - STRFAC(2)) 
CALL LINV1F CP, 2, 2, PINV, O, WORK, IER> 
DO 420 J = 1, 2 
420 CONCCJ, JAKE>= PINVCJ, 1) * BIGPC1> + PINV(J, 2) * BIGP(2) 
GO TO 500 
PRINT OUT RESULTS+ 
FOR THE CORRECTION PROGRAM: 
430 D0-440 J = 1, 2 CONC<J, JAKE>= 100+ * CONCCJ, JAKE>+ STUFFCJ) 
440 C(J) = CONC<J, JAKE> 
CALL SUM100(C) 
COLOR DIFFERENCE BETWEEN TRIAL AND STANDARD+ 
THIRD= 1+ / 3. 
DO 460 J = 1, 2 
DO 450 K = 1, 3 
450 ROOT(K) = (XST(K, J) / SUM<K>> ** THIRD 
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~8 303 
3040 
3050 
3060 
3070 
3080. 
3090 
3100 
3110 
3120 
3130 
3140 C 
3150 C 
3160 C 
3170 
460 
EL(J> = 116. * ROOTC2> - 16. ACJ) = 500. * (ROOT(!) - ROOTC2)) 
B<J> = 200. * (ROOTC2) - ROOTC3)) 
DEC= SQRT((EL(1) - EL(2)) ** 2 + (A(1) - AC2)) ** 2 
+ + (BC1> - B(2)) ** 2) 
PRINT 1014, ISAMP 
PRINT 1015, CXSTCJ, 1>, IXCJ>, XST(J, 2>, J = 1, 3) 
PRINT 1016, DEC 
PRINT 1017, CIDESIGCJ>, STUFFCJ>, C<J>, J = 1, 3) 
PRINT 1026, DECJAKE> 
PRINT 1018 
STOP 
FOR THE MATCHING PROGRAM: 
500 DO 520 J = 1, 2 
1· 3180 ·CONCCJ, JAKE)= 100+ * CONCCJ, JAKE> 
I.' 
, 3190 520 CCJ) = CONC{J, JAKE> 
CALL SUM100CC) 3200 
3210 
3220 
3230 
3240 
3250 
3260 
3270 C 
3280 C 
3290 C 
PRINT 1019, ISAMP 
PRINT 1020, CIX<J>, XSTCJ, 1>, J = 1, 3) 
·PRINT 1021, <IDESIGCJ), C(J), J = 1, 3) 
PRINT 1026, DE(JAKE> 
PRINT 1018 
STOP 
FOR THE MATCHING PROGRAM WITH SINGLE COMPONENT: 
3300 530 SBEST = STRFAC<JBEST) SBEST) / CSBEST t 2+ * CBEST * 3310 CBEST = CBEST * (2. -
3320 + (1. - SBEST>> 
3330 CBEST = .100. * CBEST 
3340 CC1> = CBEST 
CC2) = o. 
CALL SUM100 
PRINT 1019, 
PRINT 1020, 
PRINT 1021, 
PRINT.1026, 
PRINT 1018 
STOP 
CC) 
ISAMP 
CIX<J>, XSTCJ, 1>, J = 1, 3) 
!BEST, C(l), IDESIGC4>, C(3) 
DEBEST 
3350 
3360 
3370 
3380 
3390 
3400 
3410 
3420 
3430 C 
3440 C 
3450 C 
FORMAT STATEMENTS 
3460 1001 FORMAT CF15.0) 
·3470 1002 FORMAT (6X, F15.0) 
3480 1003 FORMAT <II* ENTER TRISTIMULUS VALUES <ONE PER LINE>*
 
3490 +*OF STANDARD*!> 
3500 1004 FORMAT Cl!* ORIGINAL MATCH OR CORRECTION? ANSWER M
OR C.*I> 
3510 · 1005 FORMAT (Al) 
3520 1006 FORMAT(//* ENTER TRISTIMULUS VALUES CONE PER LINE>* 
3530 +*OF TRIAL PROOF*!> 
3540 1007 FORMAT(//* CURVE ADJUSTMENT RECORD: WAVELENGTHS* 
3550 +*BEING ALTERED*> 
3560 100a FORMAT C1H@, I3) 
3570. 1009 FORMAT Cl/* STANDARD CURVE*/) 
3580 1010 FORMAT Cl* TRIAL PROOF CURVE*!> 
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1011 FORMAT(//* ENTER DESIGNATION OF .TONER OTHER THAN HMSO*/ 
+*THAT WAS USED IN THE MIX <EITHER MM35 OR HMSO>*!> 
1012 FORMAT(//* ENTER DESIGNATION OF SAMPLE (NOT OVER* 
+ * 16 CHARACTERS>*!) 
9o 
3600 
3610 
3620 
3630 
3640 
3650 
3660 
3670 
·1013 FORMAT (4A4) 
3680 
3690 
3700 
l 3710 
3720 
3730 
3740 
3750 
3760 
3770 
3780 
3790 
3800 
3810 
3820 
3830 
3840 
3850 
3860 
3870 
3880 
3890 
3900 C 
3910 C 
C 
3920 
' 3930 C 
3940 C 
3950 C 
3960 
3970 
3980 
3990 
4000 
4010 C 
1014 FORMAT(//////* MAGENTA FORMULA CORRECTION*// 
+ SX, *SAMPLE DESIGNATION:*/6X, 4A4//) 
1015 FORMAT <SX,*TRISTIMULUS VALUES*l/1X,*STANDARD*, 
+ 13X, *TRIAL*//3(F8.2, 6X, Al, F12.2//)) 
1016 FORMAT (7X, *CIELAB DELTA E*I/F16.l///) 
1017 FORMAT <10X, *TRIAL*, 4X, *ADJUSTED*/9X, *FORMULA*, 
+ 3X, *FORMULA*//4(1X,A4, 2F10.2//)) 
1018 FORMAT (//////) 
1019 FORMAT(//////* MAGENTA FORMULA CALCULATION*IISX, 
+ *SAMPLE DESIGNATION:*l6X, 4A4//) 
1020 FORMAT (5X, *TRISTIMULUS VALUES*/10X, *OF SAMPLE*//· 
+ 3(5X, A1, F17.2//)) 
1021 FORMAT (/6X, *CLOSEST FORMULA*//4(5X, A4, F13.1//)) 
1022 FORMAT (//6X,*ITERATION RECORD*//6X,*C1*,6X,*C2*,6X,*DE*I> 
1023 FORMAT <F9.4,F8.4,F9.3) 
1024 FORMAT.(//* ENTER, RESPECTIVELY, PERCENTAGES OF MM35*/ 
+*AND MM50 IN TRIAL PROOF CONE VALUE PER LINE>*!> 
1025 FORMAT (II* ENTER, RESPECTIVELY, PERCENTAGES OF MMSO*/ 
+*AND MM80 IN TRIAL PROOF CONE VALUE PER LINE>*!> 
1026 FORMAT (/7X, *CIELAB DELTA E*/5X, *SAMPLE VS. STANDARD* 
+ II F15.1) 
1027 FORMAT (II* DO YOU WANT TO SEE THE ITERATION*, 
+*RECORD? ~ES/NO*I> 
1028 FORMAT(//* ENTER Kl AND K2 CON SEPARATE LINES>*!> 
END 
SUBROUTINE PLACE 
FINDS PROPER PLACE TO READ DATA FROM KCS PRINTOUT. 
100 READ (5, 1001) IWAVE 
IF <IWAVE • EQ • 3H380) GO TO 150 
GO TO 100 
150 BACKSPACE 5 
RETURN 
4020 1001 FORMAT (3X, A3> 
4030 C 
4040 
4050 C 
4060 C 
4070 
4080. C 
4090 C 
4100 C 
4110 
4120 C 
4130 
4140 
4150 
4160 
4170 
4180 
4190 C 
4200 C 
4 
END 
SUBROUTINE SUM100 <PCT> 
GUARANTEES THAT THREE PERCENTAGES ADD UP TO 100, 
-· DIMENSION PCT(3) 
PCTC3) = 100. 
DO 100 J = 1, 2 . 
PCTCJ> = AINTC100. * PCT<J>> / 100. 
100 PCT<3> = PCT<3> - PCT<J> 
"RETURN 
END 
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4220 C 
4230 C 
4240 C 
4250 C 
4260 C 
4270 C 
4280 
4290 C· 
4300 
1 4310 C 
4320 
4330 
4340 C 
4350 
4360 C 
4370 C 
4380 C 
4390 
4400 
4410 C 
4420 
4430 
4440 
4450 
4460 
;, 4470 
1- 4480 
4490 
, 4500 I 
1 4510 
4520 
4530 
4540 
4550 
4560 
4570 
4580 
4590 
4600 
4610 
4620 
4630 
4640 
4650 
4660 
4670 
4680 
SUBROUTINE SYNTH (C, MM, DE> 
GIVEN THE CONCENTRATIONS OF TWO TONERS, SYNTHESIZES 
THE REFLECTANCE CURVE OF THE MIXTURE AND DETERMINES 
THE COLOR DIFFERENCE BETWEEN THE MIXTURE AND THE 
STANI1ARI1 • 
DIMENSION XCALC(3), ROOT<3>, ELC2>, A<2>, B<2>, C(3) 
LOGICAL SINGLE 
COMMON ASUB(38), ATONERC38, 3), TE<3, 38>, SUMC3>, 
+XSTC3, 2>, SINGLE, Kl, K2 
REAL Kl, K2 
INVERSE OF ABSORBANCE FUNCTION AND SAUNDERSON CORRECTION+ 
REFCX> = EXPC-2.302585093 * X> 
SAUNDCX> = Kl t (1. - Kl>* Cl. - K2> *XI (1. - K2 * X> 
THIRD= 1+ / 3+ 
DO 100 J = 1, 3 
100 XCALCCJ) = O. 
DO 200 L = 1, 38 
AMIX = ASUBCL) 
IF <SINGLE> GO TO 170 
DO 150 J = 1, 2 
JJ = MM - 1 t J 
150 AMIX = AMIX + ATONER<L, JJ> * CCJ) 
GO TO 180 
170 AMIX = AMIX + ATONER<L, MM>* CC1) 
180 RMIX = SAUND<REF<AMIX>> 
DO 200 J = 1, 3 
200 XCALC<J> = XCALC<J> + TECJ, L> * RMIX 
DO 300 J = 1, 2 
DO 250 K = 1, 3 IF (J. EQ. 1) ROOTCK) = (XSTCK, 1) / SUMCK>> ** THIRD 
IF CJ• EQ • 2> ROOTCK> = CXCALCCK> / SUM<K>> ** THIRD 
250 CONTINUE 
·EL(J) = 116. * ROOTC2) - 16+ 
A<J> = 500+ * <ROOT(l> - ROOTC2>> 
BCJ) = 200+ * CROOTC2) - ROOTC3>> 
300 CONTINUE DE= SQRTCCELC1) - EL(2>> ** 2 + (AC1) - A(2>> ** 2 
+ + (B(1) - BC2)) ** 2> 
RETURN 
END 
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100 · 
110 C 
120 C 
130 C 
140 C 
1so·c 
160 
170 
180 
190 C 
200 C 
210 
220 
230 
240 
250 C 
260 C 
270 C 
280 C 
290 
300 
310 
320 
330 C 
340 C 
350 C 
360 
370 
380 
390 
400 
410 
420 C 
430 C 
440 C 
450 
460· 
470 
480 
490 
500 
510 
520 
530 
540 
550 
560 
570 
580 
590 
600 
610 
620 
PROGRAM TONSPEC (INPUT, OUTPUT, TAPE1, TAPE2, TAPE3,TAPE4> 
CALIBRATES MAGENTA TONERS BY THEIR SPECTROPHOTOMETRIC 
.CURVES. DETERMINES STRENGTH FACTORS FOR THE TONERS. 
OUTPUTS THE DATA ON TAPE. 
DIMENSION ARRAYC38), TE<3, 38), XTONERC3, 6), RSUB(38), 
+IDESIGC6), RNEW(38, 6), IX(3), ASUB(38>, ATONER(38, 3), 
+STRFAC<3>, R(38,6), DIVIDE<6>,LINEUP(9) 
RE;AL Kl, K2 
DATA IDESIG/4HMM35, 4HMM50, 4HMM80, 4HMM35, 4HMM50, 4HMM80/, 
+IX/1HX, 1HY, 1HZ/, LINEUP/1, 4, -2, 5, 3, 6, 4, 2, 5/, 
+DIVIDE/200., ~400., 200., 400., 400., 200+/ 
ABSORBANCE FUNCTION, SAUNDERSON CORRECTION, AND 
THEIR INVERSES. 
ABSORB<X> = -0.434294482 * ALOG<X> 
REF<X> = EXPC-2.302585093 * X> 
SAUNDCX) = Kl t (1. - K1> * (1. - K2> * X / C1+ - K2 * X> 
DNUASCX) = CX - Ki>/ (1. - Ki - K2 t K2 * X> 
READ IN DATA 
PRINT 1020 
READ 1002, 
REWIND 1 
REWIND 2 
REWIND 3· 
REWIND 4 
Kl, K2 
READ REFLECTANCE DATA+ 
DO 100 J=l,38 
RSUB(J)=O. 
DO 100 K=1,6 
100 R<J,K>=O. 
DO 110 J=1,6 
DO 120 K=1,2 
-CALL PLACE 
READ<l,1001) ARRAY 
DO 120 L=1,38 
120 R<L,J>=R<L,J>+ARRAY<L> 
DO 110 L=l,38 
RCL,J>=RCL,J)/200. 
110 RNEWCL,J>=R<L,J) 
DO 130 J=1,2 
READ<4,1002) ARRAY 
. . DO 130 K=l ,38 
·130 RSUBCK)=RSUBCK>+ARRAYCK> 
DO 140 K=l,38 
140 RSUB<K>=RSUB(K)/200. 630 .. 
640 . 
650 C 
660 C · 
RE~DC2,1002) C(TECJ,K>,K=1,381, J=l, 3) 
CALCULATION AND OUTPUT.OF UNIT ABSORBANCE VALUES. 
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C 
680 
690 
700 
710 
720--
730 
740 C 
750 C 
760 C 
770 
780 
790 
800 
810 
820 
830 
840 
850 
860 
870 
880 
890 
900 
910 
920 
930 
940 
950 
960 
970 
980 
990 
1000 
1010 
1020 
1030 
1040 
350 DO 400 L = 1, 38 
ASUBCL> = ABSORB<DNUAS(RSUBCL>>> 
DO 400 J = 1, 3 
.400 ATciNER<L, J) = ABSORBCDNUAS(RNEW<L, J>>> - ASUBCL> 
WRITE (3) ASUB 
WRITE (3) ATONER 
CALCULATION AND OUTPUT OF STRENGTH FACTORS. 
PRINT 1013 
DO 500 J = 1, 3 
XTONER(2, J + 3) = o. 
DO 410 K = 1, 38 
410 XTONERC2, .J t 3)·= XTONER<2, J + 3) + 
+ RNEWCK, J t 3) * TEC2, K> 
PRINT 1014, IDESIGCJ) 
PRINT 1015, XTONER<2, J + 3) 
CUT1 = 0.45 
YTRY1 = O. 
DO 420 L = 1 , 38 420 YTRY1 = YTRY1 + TE<2, L> * SAUNDCREFCCUT1 * ATONER<L, J) 
. . + + ASUBCL>)) 
CUT2 = 0.50 
ITER = 0 
440 ITER = ITER + 1 
·IF CITER. GT. 20) GO TO 530 
YTRY2 = o. 
DO 460 L = 1 , 38 460 YTRY2 = YTRY2 + TE(2, L> * SAUNDCREFCCUT2 * ATONERCL, J) 
t + ASUB(L))) 
PRINT 1016, CUT2, YTRY2 IF CABSCYTRY2 - XTONER(2, J + 3)) • LE. 0.001) GO TO 500 
CUT3 = C(YTRY2 - XTONER(2, J + 3)) * (CUT2 - CUT!) - CUT2 * 
+ (YTRY2 - YTRY1)) / CYTRY1 - YTRY2> 
CUT1 = CUT2 
CUT2 = CUT3 
YTRY1 = YTRY2 
GO TO 440 
500 STRFAC(J> = CUT2 / 0.5 
__ .. WRITE C3> STRFAC 
PRINT 1017 
STOP 
530 PRINT 1010 
STOP 
FORMAT STATEMENTS 
1050 
1060 
1070 
1080 
1090 
1100 
1110 
1120 C 
1130 C · 
1140 C 
1150 1001 FORM.AT C6X, F15.0) 
1160 1002 FORMAT <F15+0~ 1170 1003 FORMAT(//* ENTER TRISTIMULUS VALUES CONE PER LINE> OF*' 
1180 + A4, ·* FULL STRENGTH*/) 1190 1004 FORMAT Cl/* ENTER TRISTIMULUS VALUES CONE PER LINE> OF*' 
1200 + A4, * 50/50 MIX WITH TRW*/) 1210 1005 FORMAT(//* TRISTIMULUS CHECK*//* FOUND*, ax, *CALCD.*> 
1220 1006.FORMAT C/9X, A4/) 
1230 1007 FORMAT CF7.3, 3X, Al, ·F9.3/) 
1240 1008 FORMAT C////21X, *REFLECTANCE CURVES*//12X• ,4, 2(15X, A4> 
80 · 
- . -- ~- ··- - - .. -- - .... 
( 
+ //SX, 3(*0LD*, 5X, *NEW*• SX>> 1009 FORMAT (/I4, 2FS.2, ·2<3X, 2FS.2>> 
1010 FORMAT(/* OVERITERATION ON STRENGTH FACTOR CALCULATION*> 
.1011 FORMAT <I* TRISTIMULUS CHECK AND PRINTOUT? YES/NO*I> 
1266 
1270 
1280 
1290. 
1300 
1310 
1320 
1330 
1340 
1350 
1360 
1370 
1380 
1390 
1400 C 
1410 C 
1420 
1430 
1440 
1012 FORMAT (A3> 1013 FORMAT (//SX,* STRENGTH FACTOR*/BX,*CALCULATION*I> 
1014.FORMAT (//11X, A4/) 
1015 FORMAT (6X,*Y AIM =*,F7.3//7X*CUT 
1016 FORMAT (F1'1-,i4, F9.3) 
Y VALUE*/) 
1017 FORMAT(///) 
1018 FORMAT (II* CURVE ADJUSTMENT.RECORD: WAVELENGTHS~ 
t * BEING ALTERED*> 
1019 FORMAT (1H@, I3) 
1020 FORMAT <II* ENTER Kl AND K2 CON SEPARATE LINES>*!> 
END 
SUBROUTINE PLACE 
C C FINDS PROPER PLACE TO READ DATA FROM KCS40 PRINTOUT. 
C 1450 
1460 . 
1470 
1480 
1490 
100 READ Cl,1001) !WAVE 
IFCIWAVE.EQ.3H380) GOTO 
GOTO 100 
150 BACKSPACE 1. 
1500. 
1510 C 
1520 1001 
1530 C 
1540 
RETURN 
FORMAT<3X,A3) 
END 
150 
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I 
100-
110 C 
120 C 
130 C 
140 C 
150 C 
160 
170 
180 
190 
200 C 
210 
220 C 
230 
240 
250 C 
260 
270 C 
280 
290 C 
300 . 
310 
320 
330 C 
340 C 
350 C 
360 C 
370 
380 
390 
400 
410 C 
420 C 
430 C 
440 
450 
460 
470 
480 
490 
500 
510 
520 
530 
540 
550 
560 
570 
580 
590 
600 C 
610 C 
PROGRAM MAGSPEC <INPUT, OUTPUT, TAPE2, TAPE3, TAPE5> 
MATCHES A MAGENTA INK SAMPLE WITH MAGENTA TONERS, 
BY THE USE OF SPECTROPHOTOMETRIC DATA. 
ALSO CORRECTS A PREVIOUS MATCH. 
DIMENSION STRFAC(3), IJORK(3), RNEIJC38, 2), STUf;F(3), PC2, 2), 
+PINVC2, 2), BIGF'C2>, CONC(3, zt, IDESIGC4>, ISAMPC4), 
+ROOT(3), EL(2), A<2>, B(2), DELX(3), IXC3), LLOC3), 
+LHI(3), RSUBC38), DEC3>, SIGNC2>, DC(5), CC3) 
LOGICAL·CHANGE, SINGLE 
COMMON ASUB(38>, ATONER(38, 3), TE<3, 38), SUM<3>, 
+XSTC3, 2>, SINGLE, Kl, K2 
REAL K1; K2 
EQUIVALENCE CRNEIJ, RMODEL> 
DAtA IDESIG/4HMM35, 4HMM50, 4HMM80, 4HTW6 /,IX/1HX, 1HY, 
+1HZ/,LL0/1, 14, 24/, LHI/13, 23, 38/, DC/0.1, 0.05, 
+0.01, 0+005, 0.001/, SIGN/1., -1./ 
·ABSORBANCE FUNCTION, SAUNDERSON CORRECTION, AND 
THEIR INVERSES. 
ABSORB<X> = -0.434294482 * ALOG<X> 
REF<X> = EXF'C-2.302585093 * X> 
SAUND<X> = Kl t Ci+ Kl>* C1+ - K2> * X / (1. - K2 * X> 
DNUASCX> = (X - K1) / <1• - Kl - K2 + K2 * X> 
READ IN DATA 
SINGLE= .FALSE+ 
PRINT 1028 
READ 1001, K1, K2 
REWIND 2 
REWIND 3 
REWIND 5 READ (2, 1001) <<TE<J, L), L = 1, 38), J = 1, 3) 
DO 100 J = 1, 3 
SUM(J) = O. 
DO 100 L = 1, 38 
100 SUM(J) = SUM<J> + TECJ, L> 
READ (3) ASUB 
DO 103 L = 1, 38 
103 RSUBCL) = SAUNDCREF(ASUB<L>>> 
READ (3) ATONER 
REA[I ( 3) STRFAC 
ENTER DAT~ PERTAINING TO THE IMMEDIATE PROBLEM. 
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C 
650 
660 
670 
680 
690 
700. 
710 
720 
730 
740 
750 
760 
770 
780 
790 
800 C 
810 C 
820 C 
830 
840 
850 
860 
870 
880 
890 
900 
910 
920 
930 
940 C 
950 C 
960 C 
970 C 
980 
990 
1000 
1010 
PRINT 1012 
READ 1013, ISAMP 
PRINT 1004 
READ 1005, MORC 
READ C5, 1000) CRNEWCJ, 1), J = 1, 38> 
DO 114 J = 1, 38 
114 RNEWCJ, 1) = 0.01 * RNEWCJ, 1> 
IF CMORC • EQ. 1HM> GO TO 120 
READ C5, 1000) CRNEWCJ, 2>,·J = 1, 38) 
DO 117 J = 1, 38 
117 RNEWCJ, 2) = 0+01 * RNEWCJ, 2) 
PRINT 1011 
READ 1013, MDESIG 
IF (MDESIG. EQ. 4HMM80) PRINT 1025 
IF CMDESIG. EQ. 4HMM35) PRINT 1024 
READ 1001, (STUFFCJ>, J = 1, ·2> 
.. CALL S
0UM100 (STUFF) 
INTEGRATE REFLECTANCE CURVE+ 
120 DO 125 J = 1, 3 
DO 125 K = 1, 2 
125 XSTCJ, K> = O+ 
. [IQ 130 J = 1, 3 
DO 130 K = 1, 2 
IF CK+ EQ ~ 2. AND. MORC + EQ + 1HM> GO TO 130 
DO 130 L = 1, 38 
XSTCJ, K> = XSTCJ, K> + RNEWCL, K> * TECJ, L) 
130 CONTINUE 
C 
PRINT 1027 
READ 1013, IESORNO 
FOR THE CORRECTION PROGRAM, SET THE ABSORBANCE OF 
THE SUBSTRATE EQUAL TO THAT OF THE TRIAL TONING. 
IF CMORC. EQ. !HM) GO TO 250 
DO 230 L = 1, 38 
230 ASUBCL) = ABSORBCDNUASCRNEW<L, 2>>> 
1020 C 
CALCULATE RIGHT HAND SIDE VECTOR, MATCH-DETERMINING 
MATRIX AND ITS INVERSE. 1030 C 
1040 C 
1050 
1060 
1070 
·1080 
1090 
1100 
1110 
1120 
1130 
1140 
1150 
1160 
1170 
1180 
1190 
1200 
250 DO 400 MM= 1, 2 IF CMORC. EQ + 1HC. AND. MDESIG. EQ. 4HMM35. 
+AND. MM. EQ. 2) GO TO 400 
IF CMORC + EG. 1HC. AND. MDESIG + EO. 4HMM80 • 
+AND• MM. EQ. 1) GO TO 400 
DO 260 J = 1, .2 
BIGP<J> = o. 
DO 260 K = 1, 2 
260 PCJ, K> = O. 
DO 300 L = 1,·39 
. DO 300 J = 1 , 2 
JJ = MM - 1 + J 
BIGP(J) = BIGP(J) + ATONERCL, JJ) * 
+ CABSORBCDNUASCRNEWCL, 1>>> - ASUB<L>> 
DO 300 K = 1, 2 
l<K·= MM - 1 + K 
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I I 1. 1220 1230 
1240 C 
1250 C 
1260 C 
127-0 
1280 
1290 
1300 C 
1310 C 
300 
320 
PCJ, 10 = f•(J, 10 + ATONER(L, JJ) * 
CONTINUE 
CALL LINV1FCP, 2, 2, PINV, o, WORK, 
CALCULATE.ROUGH MATCH+ 
DO 320 J = 1, 2 
CONC(J, MM> = PINV(J, 1> * BIGP(l> 
CCJ)· = CONC(J, MM> 
ITERATE TO CLOSEST MATCH 
ATONERCL, Kl<> 
IER> 
+ PINV<J, 2> * BIGP(2) 
CALL SYNTH (C, MM,-DETEMP> 
IF <IESORNO • EQ • 3HYES> PRINT 1022 
1350 IF CIESORNO + ·Ea + 3HYES) PRINT 1023, CC!>, CC2), 
fl 1320 C 
f 1330 
I- 1340 
1: 
t:, 
!.'. 1360 f DETEMP 
1370 DE<MM) = DETEMP 
1380 - .DO 390 IDC = 1, 5 
1390 325 CHANGE= +FALSE. 
1400 DO 380 J = 1, ·2 
1410 · DO 380 JS= 1, 2 1420 330 CONC(J, MM> = CONCCJ, MM) + DC(IDC) * SIGN(JS) 
1430 DO 335 JJJ = 1, 2 
1440 335·ccJJJ) = CONC(JJJ, MM) 
1450 CALL SYNTH CC, MM,-DETEMP) 
1460 IF CDETEMP· • GE • DEC MM>> GO TD 340 
1470 DECMM) = DETEMP 
1480 CHANGE= .TRUE. 1490 .IF CIESORNO • EG + 3HYES> PRINT 1023, CC1), C(2), 
1500 + DETEMP 
1510 GO TO 330 1520 340 CONCCJ, MM> = CONCCJ, MM> - DCCIDC> * SIGN<JS> 
1530 380 CONTINUE 
1540 IF (CHANGE) GO TO 325 
1550 390 CONTINUE 
1560 400 CONTINUE 
1570 C 
1580 C 
1590 C 
1600. 
1610 
1620 
1630 
1640 
1650 
1660 
1670 
1680 
1690 
1700 
1710 
1720 
1730 
1740 
1750 C 
1760 C 
1770 C 
1780~C 
1790 
PICK THE WINNER 
IF <MORC • EQ. 1HC> GO TD 415 
IF ·(CONCC1, 1> + LT.• O+ + OR + CONCC!, 2) • LT·. O. 
+ • OR + CONG C 2, 1) + LT • 0 + + OR • CONC < 2, 2 > • LT • 
tO. > GO TO 403 
JAKE= 2 
IF CDEC1) • LT+ DE(2)) JAKE= 1 
GO TO 417 403 IF (( CONC C 1, 1) • LT • 0 + • OR • CONC < 2, 1 > • LT • 0 •) 
. + • AND + C CONC ( 1 , 2 > + LT • 0 + • OR • CONC ( 2, 2 > . • LT • 
+GOTO 406 IF C CONC C 1 , 1 > • LT + 0. • OR • CONC C 2, 1 > . • LT • 0 + > 
+JAKE= 2 
. IF CCONCCl, 2) .• -LT. O+. OR. CONCC2, 2> ~LT+ O.) 
+JAKE= 1 
GO TO 417 
IF NEGATIVE CONCENTRATIONS CANNOT BE AVOIDED, USE 
SINGLE TONER MATCHES+ 
406 SINGLE =-+TRUE+ 
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1810 
1820 
1830 
1840 
1850 
1860 
1870 
1880 
1890 
1900 
1910 
1920 
1930 
1940 
1950 
1960 
1970 
1980 
1990 
2000 
2010 
2020 
2030 
2040 
·Do 411 J = 1, 3 
CONCCJ, 1) = 0.5 
C(1) = CONCCJ, 1> 
CALL SYNTHCC, J, DETEMP> 
DEC J) = t1ETEMP 
DO 411 IDC = 1, 5 
DO 411 JS= 1, 2 
408 CONCCJ, 1) = CONCCJ, 1) + DC(IDC) * SIGN(JS) 
-CC1) = CONC<J, 1> 
. CALL SYNTH CC, J, DETEMP> 
IF.CDETEMP. GE. DE<J>> GO TO 410 
DECJ) = DETEMP 
GO TO 408 
410 CONC<J, 1) = CONC<J, 1) - DC<IDC> * SIGNCJS> 
411 CONTINUE 
. : · DEBEST = 1000 •. · 
. :_;··.-DO 412 J = 1, 3 
. 412 DEBEST = AMIN1CDEBEST, DECJ)) 
.3333 FORMAT(6X,A4> 
DO 413 J = 1; 3 
·1F CABSCDE(J) - DEBEST) • LT. 1.E-5) GO TO 414 
413 CONTINUE 
-414 !BEST ==IDESIG<J> 
CBEST = CONC<J, 1) 
·JBEST = J 
. 2050 SBEST = STRFACCJ> GO TO 530 1.·, 2060 
I· 
t 
I 
b 
I 
2070 
2080 
2090 C 
2100 C 
2110 C 
2120 
2130 
2140 
2150 
2160 
2170 
2180 
2190 C 
2200 C 
2210 C 
2220 C 
2230 
2240 
2250 
2260 · 
2270 
2280 
2290 · .. 
2300 
2310 
2320 
2330 
2340 
2350 
2360 
2370 C 
2380 C 
415 IF (MDESIG • ·EQ + 4HMM35) JAKE= 1 
IF tMDESIG. EQ • 4HMM80) JAKE =.2 
MAKE ADJUSTMENTS ACCORDING TO JAKE 
417.IF (JAKE• EQ • 1) GO TO 418 
IDESIGC1) = IDES1G(2) 
IDESIG<2> =.IDESIGC3> 
STRFACC1) = STRFACC2> 
·sTRFAC<2> = STRFAC(3) 
.418 IDESIGC3) .= IDESIG<4> 
IF CMORC + EQ +.1HC> GO TO 430 
CORRECT CALCULATED CONCENTRATIONS-BY THE 
STRENGTH FACTORS. 
Cl= CONCC1, JAKE) 
C2 = CONCC2, JAKE> 
P<1, 1) = (2. - STRFACC2>> * <STRFAC<1> + 2. *Cl* (1. -
+ STRFACC 1)) > 
PC1, 2) = 2. *Cl* C2+ - STRFACC1)) * Cl+ - STRFACC2)) 
P(2, 1) = 2. * C2 * (2~ - STRFAC(2>> * Cl. - STRFAC<1>> 
P(2, ·2> .~ (2. - STRFAC(l)) *·<STRFAC<2> t 2. * C2 * (1. -
· + STRFACC2))) 
BIGPC1> = C1 * C2. - STRFAC(1)) * ·c2. - STRFACC2>> ~ STRFACC1)) * ·(2. - STRFACC2)) 
2, PINV, O, WORK, IER> · BIGPC2) = C2 * (2. 
. CALL LINV1F <P, 2, 
.DO 420 J = 1, 2 
420.CONCCJ, JAKE) = PINV(J, 1) * BIGPC1> + PINV<J, 2) * BIGPC2> 
GO TO 500 
PRINT our' RESULTS. 
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2420 
2430 
2440 
2450 
2460 C 
2470 
2480 
2490 
2500 
' 2510 
2520 
2530 
2540 
2550 
.. 2560 
2570 
2580 
2590 
2600 
2610 
2620 
2630 C 
2640 C 
2650 C 
2660 
2670 
2680 
2690 
2700 
2710 
2720 
2730 
2740 
FOR THE CORRECTION PROGRAM: 
430 DO 440 J = 1, 2 CONCCJ, JAKE>= 100+ * CONC(J, JAKE> + STUFF<J> 
440 C(J) = CONCCJ, JAKE) 
CALL SUM100<C> 
,COLOR DIFFERENCE-BETWEEN TRIAL AND STANDARD+ 
THIRD= 1. / 3. 
DO 460 J = 1, 2 
DO 450 K = 1, 3 
450 ROOTCK> = CXSTCK, J> / SUMCK)) ** THIRD 
ELCJ) = 116+ * ROOT<2> ~ 16+ 
A<J> = 500. * CROOT<1> - ROOT<2>> 
460 B(J) = 200+ * (ROOT<2> - ROOT(3)) 
·DEC= SGRT<CEL<l> - ELC2)) ** 2 + <A<l> - A(2)) ** 2 
+ t CB(l) - BC2>> ** 2) 
PRINT 1014, ISAMP PRINT 1015, <XST(J, 1>, IX<J>,-XST<J, 2>, J = 1, 3) 
PRINT 1016, DEC PRINT 1017, CIDESIGCJ), STUFF(J), C(J>, J = 1, 3) 
PRINT 1026, DECJAKE> 
PRINT 1018 
STOP 
FOR THE MATCHING PROGRAM: 
500 DO 520 J = 1, 2 
CONC(J, JAK~> = 100+ * CONCCJ, JAKE> 
520 C<J> = CONC<J, JAKE> 
CALL SUM100<C> 
PRINT 1019, ISAMP 
PRINT 1020, CIX<J>, XSTCJ, 1>, J = 1, 3). 
PRINT 1021, <IDESIG<J>, C(J), J = 1, 3) 
PRINT 1026, DE<JAKE> 
PRINT 1018. 
STOP 
FOR THE MATCHING PROGRAM WITH SINGLE COMPONENT: 
2750 
2760 C 
2770 C 
2780 C 
2790 530 SBEST = STRFAC<JBEST) 
2800 CBEST = CBEST * C2+ - SBEST) / (SBEST + 2+ * CBEST * 
2810 t Cl+ - SBEST>> 
2820 CBEST = 100+ * CBEST 
2830 CC1) = CBEST 
2840 
2850 
2860 
2870 ... 
2880 
2890 
2900 
2910 
C(2) =.O+ 
CALL SUM100 
PRINT 1019, 
PRINT 1020, 
PRINT 1021, 
·PRINT 1026, 
CC) 
ISAMP 
<IXCJ>, XSTCJ, 1), J = 1, 3) 
!BEST, CC1>, IDESIG<4>, C(3) 
PRINT 1018 
STOP 
DEBEST 
FORMAT STATEMENTS . 2920 C 2930 C 
2940.C 
2950 1000 FORMAT<8X,F15+0> 
?9~0· :1001 ·FORMAT (F15+0) 
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1002 FORMAT (11X, F15.0l 
2980 1003 FORMAT <II* ENTER TRISTIMULUS VALUES (ONE PER LINE>* 
2990 +*OF STANDARD*/) 
3000 1004 FORMAT <II* ORIGINAL MATCH OR CORRECTION? ANSWER MOR C.*I> 
3010 1005 FORMAT (Al> 
3020 ·1006 FORMAT(//* ENTER TRISTIMULUS VALUES. (ONE PER LINE>* 
3030 +*OF TRIAL PROOF*!> 
3040 1007 FORMAT Cl/* CURVE ADJUSTMENT RECORD: WAVELENGTHS* 
3050 +*BEING ALTERED*> 
3060 ·1008 FORMAT (lH@, I3) 
3070. 1009 FORMAT(//* STANDARD CURVE*!> 
3080 1010 FORMAT(/* TRIAL PROOF CURVE*/) 
3090 1011 FORMAT Cl/* ENTER DESIGNATION OF TONER OTHER THAN MM50*/ 
3100 +*THAT WAS USED IN THE MIX <EITHER MM35 OR MMSO>*I> 
3110 1012 FORMAT (II* ENTER DESIGNATION OF SAMPLE <NOT OVER* 
3120 + ~ 16 CHARACTERS)*/) 
3130 1013 FORMAT C4A4) r: 
r, .. : 3140 .. 1014 FORMAT (///Ill* MAGENTA FORMULA CORRECTION*// 
t 3150 + 5X, *SAMPLE DESIGNATION:*/6X; 4A4//) 
1 3160 1015 FORMAT C5X,*TRISTIMULUS VALUES*//lX,*STANDARD*, 
I- 3170 +·13x, ~TRIAL*ll3<FB.2, 6X, Al, F12.211>> 
'
[.: 3180 1016 FORMAT C7X, *CIELAB DELTA E*/IF16+1///) 
I 3190 1017 FORMAT C10X, *TRIAL*, 4X, *ADJUSTED*/9X, *FORMULA*, 
I 
1, 3200 + 3X, *FORMULA*//4(1X,A4, 2F10.2//) > 
L· 
i. 3210 1018 FORMAT.(//////) 
I 
1
' 3220 1019 FORMAT Cl/I/II* MAGENTA FORMULA CALCULATION*//5X, 
3230 + *SAMPLE DESIGNATION:*l6X, 4A4//) 
3240 1020 FORMAT (5X, *TRISTIMULUS VALUES*/10X, *OF SAMPLE*// 
3250 + 3{5X, A1, F17.2//)) 
3260 1021 FORMAT C/6X, *CLOSEST FORMULA*l/4(5X, A4, F13.1//)) 
~ 3270 1022 FORMAT C//6X,*ITERATION RECORD*l/6X,*Cl*,6X,*C2*,6X,*DE*/) 
f 3280 1023 FORMAT (F9.4,F844,F9.3) 
1, i 3290 1024 FORMAT(//* ENTER, RESPECTIVELY, PERCENTAGES OF MM35*/ 
~ 3300 t * AND MM50 IN TRIAL PROOF CONE VALUE PER LINE>*!> 
l 3310 1025 FORMAT (II* ENTER, RESPECTIVELY, PERCENTAGES OF MM50*/ 
3320 +*AND HMSO IN-TRIAL PROOF {ONE VALUE PER LINE>*!> 
3330 1026 FORMAT C/7X, *CIELAB DELTA E*/5X, *SAMPLE VS. STANDARD* 
3340· + // F15.1) 
3350 1027 FORMAT(//* DO YOU WANT TO SEE THE ITERATION*, 
3360 . · t * RECORDT YES/NO*!> 
3370 1028 FORMAT(//* ENTER K1 AND K2 CON SEPARATE LINES>*!> 
3380 C 
3390 
3400 C 
3410 C 
3420 
3430 C 
3440 C. 
3450 C 
3460 
,3470 C 
3480 
3490 
3500 
3510 
3520 
3530 
3540 C 
3550 C 
END 
SUBROUTINE SUM100 (PCT) 
·GUARANTEES THAT THREE PERCENTAGES ADD UP TO 100. 
DIMENSION PCT(3) 
PCT<3> = 100. 
DO 100 J = 1, 2 
PCTCJ) = AINTC100. * PCTCJ)> 
100 PCTC3> = PCTC3) - PCT<J> 
RETURN 
END 
/ 100. 
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3570 C 
3580 C 
3590 C 
3600· C 
3610 C 
3620 C 
3630 
3640 C 
3650 
3660 C 
3670 
3680 
3690 C 
3700 
3710 C 
3720 C 
3730 C 
3740 
3750 
3760 C 
3770 
3780 
3790 
3800 
3810 
3820 
3830 
3840 
3850 
3860 
3870 
3880 
3890 
3900 
3910 
3920 
3930 
3940 
3950 
3960 
3970 -
'3980 
3990 
4000 
4010 
4020 
4030 
SUBROUTINE SYNTH <C, MM, DE> 
GIVEN THE CONCENTRATIONS OF TWO TONERS, SYNTHESIZES 
THE REFLECTANCE CURVE OF THE-MIXTURE AND DET~RMINES 
THE COLOR DIFFERENCE BETWEEN THE MIXTURE.AND THE 
STANDARD. 
DIMENSION XCALC(3), ROOT<3>, EL<2>, A(2), B<2>, CC3> 
LOGICAL SINGLE 
COMMON ASUBC38), ATONER(38, 3), TE(3, 38), SUM<3>, 
tXSTC3, 2>, SINGLE, K1, K2 
REAL Kl, K2 
INVERSE OF ABSORBANCE. FUNCTION AND SAUNDERSON CORRECTION. 
REF<X> = EXP(-2.302585093 * X> 
SAUND<X> =Kl+ (1. - K1> * Cl. - K2> * X / (1. - K2 * X> 
·THIRD= 1. / 3. 
DO 100 J = 1, 3 
100 XCALC<J> = O. 
D0.200 L = 1, 38 
AMIX = ASUB<L> 
IF <SINGLE> GO TO 170 
DO 150 J = 1, 2 
JJ = MM - 1·+ J 
150 AMIX = AMIX + ATONER<L, JJ> * C(J) 
·Go TO 180 
170 AMIX = AMIX + ATONER(L, MM>* C<l> 
180 RMIX = SAUND<REF<AMIX>> 
. DO 200 J = 1 ,. 3 
200 XCALC(J) = XCALC<J> ·+ TECJ, L> * RMIX 
DO 300 J = 1, 2 
DO 250 K = 1, 3 IF CJ. EG. 1) ROOT<K> = <XST<K, 1> / SUMCK>> **"THIRD 
IF (J • EQ. 2) ROOT(K) = <XCALC(K) / SUMCK>> ** THIRD 
. 250. CONTINUE · 
. ~EL(J) = 116+ * ROOTC2) - 16~. 
'A(J) = 500+ * <ROOT<l> - ROOT<2>> 
B(J> = 200+ * CROOT(2) - ROOT(3)) 
300 CONTINUE DE =·saRT((EL(l) - EL(2)) ** 2 + (A(1) - A(2)) ** 2 
+ +.<B<lJ - BC2>> ** 2> 
RETURN 
END 
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1000 
1010 C 
1020. C 
1030 C 
1040 C 
1050 C 
1060 C 
1070 C 
1080 C 
1090 C 
1 1100 C 
... ; 
1110 
1120 
1130 
1140 C 
1150 
1160 
1162 C 
1164 C 
1166 C 
! 1168 
1170 C 
1180 C 
1190 C 
1200 
1210 
1220 
1230 
1240 
1250 
1260 
1270 
1280 
1290 
1300 C 
1310 C 
1320 C 
1330 C 
1335 
1340 
1350 
"1360 
1370 
1380 
1390 
1400 
1410 
1420 
1430 
1450 
1460 
1470 
1480 
1490. 
PROGRAM RUSPLOT <INPUT, OUTPUT, TAPEl, TAPE2> 
READS DATA FOR THE STANDARD MAGENTA PLOT 
FROM TAPE 1 AND PLOTS THE DATA. ACCEPTS A* 
AND B* VALUES FOR THREE WORKING MAGENTA TONERS 
(NAMELY, MM35, MM50 AND MM80) 
AND THEIR 50M REDUCTIONS. TWISTS THE STANDARD 
PLOT TO FIT THE WORKING TONER DATA, AND 
PREPARES A NEW PLOT. OUTPUTS THE NEW DATA ON 
TAPE 2 <IN BINARY FORM). 
DIMENSION AMAG(8, 3), BMAG(8, 3), AEXTC5, 8, 2>, 
+BEXTC5, 8, 2), ARG(4), FUNC(4), AWC3>, BW(3), AWCUT(3), 
+BWCUT<3>, SQEEZH(3), SQEEZVC3), AMAG2C8, 3), BMAG2(8, 3) 
COMMON HORIZC71, 3), VERTC51, 8, 2), UNIT, TOP, RIGHT, 
+DELTAH(3), DELTAVC8, 2), HSTART(3), VSTARTC8, 2) 
SET HORIZONTAL REFERENCE POINT FOR PLOTS. 
CALL PLOT (3., o., -3) 
READ DATA FOR STANDARD PLOT 
REWIND 1 <<<AEXTCJ, K, L), J READ <1, 1001) AMAG, BMAG, 
+K = 1, 8), L = 1, 2), <<<BEXTCJ, K, L>, J = 2, 
+L = 1, 2> 
100 
REWIND 1 
·oo 100 K = 1, 8 
DO 100 J = 1, 5, 4 
DO 100 L = 1, 2 
AEXT<J, K, L) = AMAGCK, CJ+ 4 * L - 1) 
BEXTCJ, K, L> = BMAG<K, CJ+ 4 * L - 1) 
INTERPOLATE BY LAGRANGE POLYNOMIAL 
FOR HORIZONTAL.CURVES+ 
N = 3 
I 4) 
I 4) 
DO 200 J = 1, 3 
DELTAH<J> = CAMAGC8, J> - AMAGCl, J>> / 70+ 
HSTARTCJ) = AMAGC1, J> 
DO 200 K = 1, 71 
A= HSTART<J>·+ DELTAH<J> * <K - 1) 
IF (A. LE. AMAG(2, J)) GO TO 150 
IF <A •. GE. AMAG(7, J)) GO TO 160 
DO 130 L = 3, 7 
IF (A. LT. AMAG(L, J)) GO TO 140 
130 CONTINUE 
140 L = L - 2 
DO 143 M = 1, 3 
ARG<H> = AMAG(L + M - 1, J) 
.143 FUNC<M> = BHAG<L + M - 1, J) CALL LAGRANG <N, A, ARG, FUNC, B1) 
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1510 
1520 
1530 . 
1540 
1550 
1560 
1570 
1580 
1590 
1600 
1610 
1620 
1630 
1640 
1650 
1660 
1670 
1680 
1699.C 
1700 C 
1710 C 
1720 C 
1730 
1740 
1750 
1760 
1770 
1780 
1790 
1800 
1810 
1820 
1830 
1840 
1850 
1860 
1870 
1880 
1890 
1900 
1920 
1930 
1940 C 
1950 C 
1960 C 
196S C 
1970 C 
1980 C 
1990 C 
2000 C 
2010 
2020 
2040 
2050 
2060 
2070 
2080 
2090 
DO 146 M = 1, 3 
ARG(M) = AMAG(L + M, J) 
146 FUNC(M) = BMAG(L + M, J) 
CALL LAGRANG (N, A, ARG, FUNC, B2> 
SHOE= AMAGCL + 1, J) 
HAT = AMAG(L t 2, J) 
FRACT = (A - SHOE> / CHAT - SHOE> 
B = FRACT * B2 + (1. - FRACT) * Bl 
GO TO 200 
'{50 DO 155 M = 1, 3 
ARG<M> = AMAG<M, J) 
155 FUNCCM> = BMAG<M, J) 
CALL LAGRANG CN, A, ARG, FUNC, B> 
. GO TO 200 
160 DO 165 M =·1, 3 
ARG(M) = AMAGCM + 5, J) 
165 FUNC<M> = BMAGCM + 5, J> 
CALL LAGRANG CN, A, ARG, FUNC, B> 
200 HORIZ<K, J> = B 
INTERPOLATE BY LAGRANGE POLYNOMIAL 
FOR VERTICAL CURVES+ 
DO 300 II= 1, 8 
DO 300 J = · 1 , 2 
DELTAV<II, J) = (BEXT(5, II, J) - BEXT<1, II, J)) / so~ 
VSTART<II, J) = BEXT<1, II, J> 
DO 300 K = 1, 51 
B = VSTART<II, J) + DELTAVCII, J> * CK - 1> 
IF (B +LE. <BEXT<2, II, J) + BEXTC3, II, J>> I 2.) 
+GO TO 250 
IF ( B + GE • < BEXT < 3, I I , J > + BEXT < 4, I I , J > > / 2. > 
+GO TO 260 
L = 2 
GO TO 270 
250 L = 1 
GO TO 270 
260 L =. 3 
270 DO 280 M = 1, 3 
ARG(M) = BEXT<L + M - 1, II, J) 
280-FUNC<M> = AEXT<L + M - 1, II, J) 
CALL LAGRANG CN, B, ARG, FUNC, A> 
300 VERT<K, II, J> = A 
SET PLOT UNIT AT 6+35 CIELAB UNITS PER INCH, 
BECAUSE THE ORIGINAL PLOT HAS ONE CIELAB 
UNIT PER 4 MM+ ESTABLISH RIGHT AND UPPER 
LIMITS FOR PLOT+ ASK QUESTIONS REGARDING WHETHER 
PLOTS ARE DESIRED, WHICH PLOTTER WILL BE USED, 
_ AND WHETHER A REFERENCE PLOT IS WANTED. 
UNIT= 6.35 
TOP= 45. / UNIT 
RIGHT= 35. / UNIT. 
PRINT 1002 
READ 1003, MAP 
IF <MAP. EG + 2HNO> GO TO 320 
PRINT 1004 
·READ 1003, INKER 
90 
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2110 
2120 
2130 C 
2140 C 
2150 C 
2160 
2110· C 
PRINT 1005 
READ 1003, MODEL 
IF (MODEL. EQ • 2HNO) GO TO 320 
PLOT CURVES OF STANDARD TONERS IF DESIRED. 
CALL GAMUT 
IF TSP PLOTTER IS USED, ARRANGE TO CHANGE SHEET. 
2200 IF <INKER• EQ. 3HTSP> PRINT 1006 · 
2210 IF (INKER• EQ. 3HTSP> READ 1003, IGGY 
2180 C 
2190 C 
2260 C 2270 C ENTER COORDINATES OF WORKING TONERS AND THEIR REDUCTIONS. 
2280 C 
~290 320 
2300 
2310 
2320 
2330 
2340 
2430 C 
2440 C 
2450 C 
PRINT 1007 
· READ 1001, AW<1>, BW< 1), AWCUTC1>, BWCUTC1) 
PRINT 1008 
READ 1001, AW ( 2), BW(2>, AWCUT(2), BWCUTC2) 
PRINT 1009 
READ 1001, AW ( 3 >, BW ( 3 >, AWCUT(3), BWCUT(3) 
TWIST HORIZONTAL CURVES TO FIT NEW CIELAB VALUES. 
DO 340 J = 1, 3 
RANEW = AW{J) - AWCUT<J> 
RAOLD = AMAGC8, J> - AMAG(3, J> 
SQEEZH<J> = RANEW / RAOLD 
HSTARTCJ) = AWCJ> - CAMAGCS, J) - AMAG<l, J>> * SGEEZHCJ> 
DELTAH(J) = (AW<J> - HSTARTCJ)) / 70. · 
RBNEW = BW<J> - BWCUT<J> 
RBOLD = BMAG(B, J> - BMAG<3, J) 
SQEEZV<J> = RBNEW / RBOLD 
2455 
2460 
2470 
2480 
2490 
2500 
2510 
2520 
2530 
2540 
2S50 
2560 
2570 C 
2580 C 
2590 C 
2600 
2610 
2620 
2630 
2640 
2650 
2653 
26S6 
2660 
2670 
2680 
2690 
2693 
2696 
2700 
2710 
2715 
2716 
2720 
DO 340 K = 1, 71 
340 HORIZ<K, J) = BWCUTCJ) + <HORIZ(K, J) - BMAG(3, J>> 
+ii< SQEEZV ( J > 
TWIST VERTICAL CURVES TO FIT NEW CIELAB VALUES. 
DO 400 J = 1, 2 
DO 400 K = 1, 8 
VSTART<K, J) = BWCUT(J) + (BMAG<K, J) - BMAG<3, J>> 
+* SGEEZV<J> VEND= BWCUT(J + 1) + CBMAG(K, J + 1) - BMAG<3, J + 1>> 
+* SGEEZV<J + 1) 
BMAG2CK, J> = VSTART(K, J) 
IF (J • EG. 2) BMAG2<K, 3) = VEND 
DELTAVCK, J> = <VEND - VSTART<K, J)> / 50. 
HSTRT = HSTART<J> + (AMAG<K, J) - AMAG<1, J>> * SGEEZH<J> 
HEND = HSTART<J + 1> + CAMAG<K, J + 1> - AMAGC1, J + 1>> 
+* SGEEZHCJ + 1> 
AMAG2<K, J) = HSTRT 
IF (J • EQ • 2) AMAG2(K, 3) = HEND 
TWIST= <HEND - HSTRT> / CAMAGCK, J + 1) - AMAGCK, J>> 
DO 400 L = 1, 51 
IF (J • EG • 1 •AND• K • EQ • 1) VERT<L, K, J) = 
+HSTRT + (CL - 1.> / 50.) * <HEND - HSTRT> 
400 IF (J •NE• 1 •OR. K •NE• 1> VERTCL, K, J> = 
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+HSTRT + CVERTCL, K, J) - AMAGCK, J>> * TWIST 
PLOT NEW DIAGRAM BASED ON WORKING TONERS+ OUTPUT 
RESULTS ON TAPE 2+ 
IF <MAP. EQ. 3HYES) CALL GAMUT 
WRITE <2> AMAG2, BMAG2 
STOP 
FORMAT STATEMENTS 
2730 C 
2740 C 
2750 C 
2760 C 
2770 
2780 
2790 
2800 C 
2810 C 
2820 C 
2830 1001 FORMAT <F15+0> 
2840 1002 FORMAT<* DO YOU WANT ANY PLOTS? YES/NO*/) 
2850 1003 FORMAT (A3) 2860 1004 FORMAT<* WILL YOU USE THE TSP OR THE CALCOMP PLOTTER?* 
2870 +I* ANSWER TSP OR CAL*I> 2880 1005 FORMAT<* DO YOU WANT A PLOT OF THE STANDARD TONERS AS WELL* 
2890 +I* AS THE WORKING TONERS? YES/NO*I> 
2900 1006 FORMAT<* CHANGE THE PLOTTING PAPER*/) 
2910 1007 FORMAT C* ENTER*, 10H A* AND B*, * COORDINATES OF MM35,* 
+I* IN THE FOLLOWING ORDER:*l7H A*'* VALUE, FULL STRENGTH* 
t/7H B*, * VALUE, FULL STRENGTH*/7H A*,# VALUE, 50~* 
+* REDUCTION*/7H B*, * VALUE, 50~ REDUCTION*!> 
1008 FORMAT Cl* SAME FOR MM50*1> 
1009 FORMAT <I* SAME FOR MMBO*/) 2950 2960 
2970 
2980 C 
2990 C 
3000 
3010 C 
3020 C 
3030 C 
3040 C 
3050 
3060 C 
3070 
3080 
3090 
3100 
3110 
3120 
3130 
3140 
3150 
3160 
3170 
3180 C 
3190 C 
3200 
3210 C 
3220 .. C 
3230 C 
3240 C 
3250 
3260 C 
3270 
3280 
3290 C 
3300 C 
100 
200 
· 3310 C 
3320 
END 
SUBROUTtNE LAGRANG <N, XP, X, Y, YP) 
USES LAGRANGE POLYNOMIAL FOR INTERPOLATION 
BETWEEN N POINTS. 
DIMENSION XC4>, Y(4), P<4> 
DO 100 J = 1, N 
PCJ) = 1+ 
DO 100 K = 1, N 
IF <K. EQ. J) GO TO 100 
P(J) = PCJ> * CXP - XCK>> / (XCJ> - XCK>> 
CONTINUE 
yp = o. 
DO 200 J = 1, N 
YP = YP + YCJ) * PCJ) 
RETURN 
END 
SUBROUTINE GAMUT 
PLOTS A* - B* DIAGRAM OF TONERS AND THEIR REDUCTIONS WITH 
TW6. 
DIMENSION AARRAYC73>, BARRAY(73> 
COMMON HORIZC71, 3>, VERTC51, 8, 2), UNIT, TOP, RIGHT, 
+DELTAH(3), DELTAV<S, 2), HSTART(3), VSTART<S, 2> 
SET VERTICAL REFERENCE POINT. 
CALL PLOT (O., 1., -3) 92 
C 
3340 C 
3350 C 
3360 
336-5 
3370 
3375 
3380 
3385 
3390 
3395 
3400 
3405 
3410 
3415 
3420 
3425 
3430 
3435 
3440 
3445 
3450 
3470 C 
3480 C 
3490 C 
3500 
3505 
3510 
3515 
3520 
3525 
3530 
3535 
3540 
3545 
3550 
3555 
3560 
3565 
3570 
3575 
3580 
3585 
3590 
3595 
3600 
3605 
3610 
3630 C 
3640 C 
3650 C 
3660 
3670 
3680 
3690 
3700, 
3710 
3720 
DRAW VERTICAL GRID LINES AND A* VALUES. 
DO 150 J = SO, 85 
POS = (J - 50) / UNIT 
K = MOD<J, 10> 
IF. (K • EO. 2 •OR. K. EQ. 4. OR. K. EQ. 7. OR. 
+ K • EQ. 9) GO TO 120 
IF (K ! NE. O) GO TO 100 
POSNO = POS - 0.12 
CALL NUMBER CPOSNO, -0.3, 0.14, J, o., 2HI2> 
100 CALL PLOT CPOS, o., 3) 
CALL PLOT CPOS, TOP, 2) 
IF CK• NE. 0. AND+ K. NE+ 5) GO TO 150 
POS =·POS t 0+01 
CALL PLOT CPOS, TOP, 3) 
.CALL PLOT <POS, o., 2) 
IF CJ. EQ. 65) CALL SYMBOL (2.43, -1.0, 0+28, 28, O., -1> 
GO TO 150 
120 CALL PLOT <POS, TOP, 3) 
CALL PLOT CPOS, o., 2) 
150 CONTINUE 
DRAW HORIZONTAL GRID LINES AND B* VALUES+ 
DO 200 JJ = 1, 46 
J = JJ - 21 
POS =CJ+ 20) / UNIT 
JMOD = JJ - 1 
K = MOD CJMOD, 10) 
IF CK. EG + 2. OR+ K. EG + 4. OR. K. EQ. 7. OR• 
+ K. EQ • 9> GO TO 180 
IF CK. NE. 0) GO TO 160 
POSNO = POS - o.o7 
CALL NUMBER <-o.s, PQSNO, o.14, J, o., 2HI3) 
160 CALL PLOT (RIGHT, POS, 3) 
CALL.PLOT CO., POS, 2) 
IF CK. NE. 0. AND+ K. NE• 5) GO TO 200 
POS = POS + 0+01 
CALL PLOT CO., POS, 3) 
CALL-PLOT <RIGHT, POS, 2) 
IF CJ. NE. O> GO TO 200 
POSNO = POSNO - o.o7 
CALL SYMBOL <-0.8, POSNO, 0+28, 29, O., -1) 
· GO TO 200 
180 CALL. PLOT CO., POS, 3) 
CALL PLOT <RIGHT, POS, 2) 
200 CONTINUE 
- PLOT HORIZONTAL CURVES AND DESIGNATIONS FOR THEM, 
AARRAY(72) = so·. 
AARRAY(73) = UNIT 
BARRAY<72) = -20+ 
BARRAY<73) = UNIT 
:Do 290 J =.1, 3 
DO 210 K = lr 71 
AARRAY<K>.=.HSTARTCJ> + DELTAH<J> * CK - 1) 
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.\ ., 
3740 
3750 
3760 
3770 
3780 
3790 
3800 
3810 
3820 
3830 
3833 
3836 
3839 
3842 
3845 
3848 
3849 C 
3850 C 
3860 C 
3870 C 
3880 
3890 
3900 
3910 
4130 
4140 
4150 
4160 
4170 C 
4180 C 
4190 C 
4200 
4210 
4220 
4230 
4240 
4250 
4260 
4270 
4280 
4290 
4291 
4292 
4293 
4294 
4295 
4296 
4300 
4310 
4320 
4330 
210 BARRAY<K> = HORIZ<K, J> 
CALL LINE <AARRAY, BARRAY, 71, 1, O, 0) 
POSH= (AARRAY(71) - AARRAY<72)) / UNIT 
POSV = <DARRAY(71) - BARRAY(72)) / UNIT 
CALL SYMBOL <POSH, POSV, 0.14, 2, O., -1) 
IF (J • EQ • 1) ISTRNG = 4HMM35 
IF (J • EQ • 2) ISTRNG = 4HMM50 
IF (J • EQ. 3) ISTRNG = 4HMMBO 
POSH= POSH+ 0.14 
POSV = POSV - 0.07 
CALL SYMBOL (POSH, POSV, 0.14, ISTRNG, o., 4) 
DO 230 JJJ = 1, 71 
230 BARRAY(JJJ) = BARRAY<JJJ> t 0.0635 
CALL LINE <AARRAY, BARRAY, 71, 1, O, O> 
DO 240 JJJ = 1, 71 
240 BARRAY(JJJ> = BARRAY(JJJ) - o.1270 
CALL LINE (AARRAY, BARRAY, 71, 1, O, O> 
PLOT VALUES FOR VERTICAL CURVES (PERCENT 
REDUCTIONS WITH TW6>• 
IF (J. NE. 3> GO TO 290 
DO 280 K = 1, 7 
POSH= (VERT(!, K, 1) - AARRAY(72)) / UNIT - o.oas 
POSV = (VSTART<K, 1) - BARRAY<72>> / UNIT - 0.15 
NUM = (8 -.K> * 10 
CALL NUMBER (POSH, POSV, 0.10, NUM, o., 2HI2> 
280 CONTINUE 
290 CONTINUE 
PLOT VERTICAL CURVES+ 
AARRAY<52> = 50. 
AARRAYC53> = UNIT 
BARRAYC52) = -20. 
BARRAY(53> = UNIT 
DO 350 J = 1, 2 
r,o 350 K = 1 , a 
t10 300 L = 1, 51 
AARRAY(L> = VERT<L, K, J> 
300 BARRAY(L) = VSTARTCK, J> + DELTAV<K, J> * CL - 1) 
.CALL LINE <AARRAY, BARRAY, 51, 1, O, O> 
DO 310 JJJ = 1, 51 
310 AARRAY(JJJ) = AARRAY<JJJ) + 0.0635 
CALL LINE (AARRAY, BARRAY, 51, 1, O, 0) 
DO 320.JJJ = 1, 51 
320 AARRAY<JJJ) = AARRAY(JJJ) - 0.1270 
CALL LINE (AARRAY, BARRAY, 51, 1, O, 0) 
350 CONTINUE 
CALL ENDPLT 
RETURN 
END 
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1000 
1010 C 
1020 C 
1030 C 
1040 C 
1050 C 
1060 
1070 
1080 C 
1090 
1100 C 
1110 C 
1120 C 
1130 
1140 
1150 
1160 
1170 C 
1180 C 
1190 C 
1200 C 
1210 
1220 
1230 
1310 C 
1320 C 
1330 C 
1340 C 
1350 
1360 
1370 
1380 
1390 
1400 
1410 
1420 
1430 
1440 
1450 C 
1460 C 
1470 C 
1480 C 
1490 C 
1500 C 
1510 C 
1520 
1530 
1540 
1550 
1560 
1570 
1580 
1590 
1600 
PROGRAM CMATCH <INPUT, OUTPUT, TAPE2> 
USES DATA FROM CHART BASED ON WORKING TONERS 
TO CALCULATE A MATCH FOR A GIVEN A* AND 
B* VALUE PAIR+ 
DIMENSION AMAG2(8, 3>, BMAG2C8, 3>, A<2, 2>, B(2, 2), 
+RC2), IDESIGC4), C(3), ISAMPC4) ' 
DATA IDESIG / 4HMM35, 4HMM50, 4HMMBO, 4HTW6 / 
INPUT A* AND B* VALUES OF SAMPLE 
PRINT 1001 
READ 1002, ISAMP 
PRINT 1003 
READ 1004, AS, BS 
READ POINTS OF INTERSECTION OF TWISTED CHART 
FROM TAPE2+ 
REWIND 2 
READ (2) AMAG2, BMAG2 
REWIND 2 
SET UP DOUBLE DO LOOP TO GO THROUGH EACH OF THE 14 
AREAS IN THE CHART+ 
DO 150 J = 1, 2 
DO 150 K = 1, 7 
A<l, 1> = AMAG2<K, J + 1) 
A(1, 2> = AMAG2<K + 1, J + 1) 
AC2, 1) = AMAG2<K, J> 
AC2, 2> = AMAG2<K + 1, J) 
BCl, 1) = BMAG2CK, J + 1) 
BCl, 2) = BMAG2<K + 1, J + 1> 
BC2, 1> = BMAG2CK, J) 
BC2, 2> = BMAG2CK + 1, J> 
DETERMINE IF A MATCH EXISTS·IN THAT AREA, AS 
INDICATED BY RATIOS BETWEEN ZERO AND UNITY. 
RATIOS CORRESPOND· TO RELATIVE DISTANCES HORI-
ZONTALLY AND VERTICALLY OF THE SAMPLE POINT 
TO THE BOUNDARIES+ 
DO 12o·L = 1, ·2 
Cl= AS - A<2, 1> 
C2 = AC2, 1) - AC2, 2) 
C3 = AC1, 1) - AC2, 1> 
C4 = AC1, 2> - ACl, 1> - AC2, 2) + A<2, 1) 
C5 = BS - BC2, 1> 
C6 = BC2, 1> - BC2, 2> 
C7 = B<1, 1> - BC2, '1) 
ca= B(l, 2) - B(l, 1) - B(2, 2) + B(2, 1) 
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j, 
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,, 
0 
1620 
1630 
1640 
1650 
1660 
1670 
1690 
1685 
1690 
1700 
1710 
1720 
1730 
1740 
1750 
1760 
1770 
1780 C 
1790 C 
1800 C 
1810 
1820 
1830 
1840 
1850 
1860 
1870 
1880 
1890 
1900 
1910 
1920 
1930 
1940 C 
1950 C 
1960 C 
1970 C 
1980 C 
1990 
2000 
2010 
2020 
2030 C 
2040 C 
QA= C2 * CS - C4 * C6 
GB= Cl* ca+ C2 * C7 - C3 * C6 - C4 * cs 
DC= Cl* C7 - C3 * CS 
DISCRIM =GB** 2 - 4. *QA* QC 
IF (DISCRIM • LT. O.) GO TO 150 
ROOT= SQRT (DISCRIM) 
R<Li =<-GB+ ROOT)/ (2. * QA) 
IF (RCL) • LT • o •• OR • R<L> GT 1 ) • • • 
+R<L) = (-QB - ROOT>/ C2+ * QA) 
IF CR(L) •LT• O •• OR. R<L>. GT. 1.> GO TO 150 
IF CL• EO • 2) GO TO 120 
TEMP = A C 1 , 2 ) 
A<l, 2) = AC2, 1) 
A ( 2, 1 > = TEMP 
TEMP = B ( 1 , 2 > 
B(1, 2) = BC2, 1) 
BC2, 1) = TEMP 
120 CONTINUE 
PRINT OUT RESULTS. 
IF (J + EG • 1) GO TO 130 
IDESIG<l> = IDESIG<2> 
IDESIGC2> = IDESIGC3) 
130 IDESIGC3) = IDESIG<4> 
K =. 70 - K · * 10 
TOTON = 90+ - K + 10+ * RC1) 
C(1) = TOTON * RC2) 
CC2> = TOTON - C<1> 
CALL SUM100 < C) 
PRINT 1005, ISAMP 
PRINT 1006, AS, BS 
PRINT 1007, <IDESIGCII), CCII>, II= 1, 3) 
STOP 
IF NO AREA WAS FOUND WHERE APPROPRIATE VALUES 
OF THE RATIOS WERE POSSIBLE, PRINT OUT A 
MESSAGE OF DEFEAT+ 
150 CONTINUE 
PRINT 1005, ISAMP 
PRINT 1008 
STOP 
FORMAT STATEMENTS. 
·2050 C 2060 1001 FORMAT (II* ENTER DESIGNATION OF SAMPLE CNOT OVER*, 
2070 +* 16 CHARACTERS>*!> 
2080 1002 FORMAT (4A4> 2090 1003 FORMAT (II* ENTER A*' 1H*, * AND B*, lH*, * VALUES*, 
2100. +* <ONE PER LINE> OF STANDARD*!> 
2110 1004 FORMAT (F15.0> 
2120 1005 FORMAT (Ill/II* MAGENTA FORMULA CALCULATION*/ 
2130 + 7X, *BY CHART METHOD*//SX, *SAMPLE DESIGN
ATION:*/ 
2140 +6X, 4A4//) 2150 1006 FORMAT <JX, *CIELAB A*, 1H*, * AND B*, 1H*, * VALUE
S*/ 
' 
. I 
I 
I 
11 I • 
2170 
2180 
2190 
2200 C 
2210 C 
2220 
2230 C 
2240 C 
2250 C 
2260 
2270 C 
2280 
2290 
2300 
2310 
2320 
2330 
+ lOX, *OF SAMPLE*//5X, 2HA*, F16.2//5X, 2HB*, F16,2//) 
1007 FORMAT (11X, *FORMULA*l/3(5X, A4, F13,1//)) 
1008 FORMAT (6X,*NO MATCH POSSIBLE*//) 
END 
SUBROUTINE SUM100 (PCT) 
GUARANTEES THAT THREE PERCENTAGES ADD UP TO 100. 
DIMENSION PCT<3> 
PCTC3) = 100. 
DO 100 J = 1, 2 
PCT(J) =-AINT<lOO. * PCT(J)) / 100. 
100 PCT(3) = PCT(3) - PCT(J) 
RETURN 
END 
; 
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